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PROCESS FOR PRODUCING TETRAZOLE COMPOUND AND INTERMEDIATE THEREFOR 



(57) There are disclosed an industrially favorable process for producing a tetrazole compound of general formula (1 ) : 
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characterized in that a nitrile of general formula (2): 



R 1 CN 



(2) 



is reacted with hydrazine or a salt thereof in the presence of a catalyst, followed by reaction with a nitrous acid compound 
of general formula (3) : 



ANOa 



(3) 



< 

£q or a nitrile of general formula (2) is reacted with hydrogen sulfide, followed by reaction with an alkyl halide of general 
I s * formula (4): 



R4J 



(4) 
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with hydrazine or a salt thereof, and then with a nitrous acid compound of general formula (3); and an intermediate of 
general formula (5): 

R1C(=R5)R6 ( 5 ) 

which is useful for the production of the tetrazole compound (in which Ri to RP. A and J in the above formulas are as 
defined in the specification). 



BNSDOC1D: <EP 0711762A1 I > 



2 



EP0 711 762 A1 



Description 

Industrial Field for Utilization 

5 The present invention relates to production processes and intermediates of tetrazole compounds. More particularly, 

it relates to 2-(tetrazol-5-yl)-4-axo-4H-benzopyran derivatives which are known to be pharmacologically useful from the 
viewpoint of their antagonistic action to leukotrienes such as leukotrienes C and D, and it also relates to 2-(tetrazol-5- 
yl)-1,1'-biphenyl derivatives which are known to be pharmacologically useful from the viewpoint of their antagonistic 
action to angiotensin II. Further, it relates to processes for producing 5-phenyltetrazole derivatives which are useful as 

10 intermediates of the biphenyl derivatives, and it also relates to intermediates which are useful in their production. 

Prior Art 

As the process for producing tetrazole compounds such as 2-(tetrazol-5-yi)-4oxo-4H-benzopyran derivatives, 2- 
15 (tetrazol-5-yl)-1 ,1 '-biphenyl derivative and 5-phenyltetrazole derivatives, there has been known a process with an azide 
such as sodium azide, trialkyl tin azide or trimethylsiiyl azide. 

However, since asides are reacted with water or acids to produce hydrogen azide having toxic and explosive prop- 
erties, the concentration of hydrogen azide in the gas phase in the upper part of a reactor should be strictly controlled 
during the reaction. It has been known that azides are liable to form an explosive salt with heavy metals. Therefore, the 
20 application of such a process with an aside on an industrial scale is disadvantageous from the viewpoint of its safety. 
Further, tin reagents such as trialkyl tin azide have drawbacks that they require a complicated procedure for the isolation 
of a product because of its lipophilicity and that tin-containing waste matters are formed in large quantities. 

As the process for producing 2-(tetrazol-5-yl)- 1 , 1 '-biphenyl derivatives or 5-phenyltetrazole derivatives, another proc- 
ess is described in J. Org. Chem., 1991, 56, pp. 2395-2400, in which process biphenylcarboxylic acids or phenyicar- 
25 boxylic acids are converted into their amides with cyanoethylamine, followed by chlorination with phosphorous 
pentachloride, and reaction with hydrazine and then with dinitrogen tetroxide gas. 

This process, however, has disadvantages that the yield of a desired product is not satisfactory, that the step of 
deprotecting a cyanoethyl group used as a protecting group is needed, and that the production on an industrial scale 
finds difficulty in using phosphorous pentachloride. 

30 

Objects of the Invention 

It is an object of the present invention to provide a process for producing tetrazole compounds with safety in an 
industrially favorable manner. 

35 It is another object of the present invention to provide intermediates useful for the production of the tetrazole com- 
pounds. 

These and other objects and excellent advantages will be understood from the following description. 
Summary of the Invention 

40 

The present inventors have intensively studied on a process for producing tetrazole compounds. As a result, they 
have found that the above problems can be solved and the desired products can be obtained with safety in an industrially 
favorable manner by a process through amidrazone compounds with nitrite compounds as the starting materials, and 
they have made further studies, thereby completing the present invention. 
45 Thus, the present invention provides: 

[1] a process for producing a tetrazole compound of general formula (1): 



50 




wherein R 1 is as defined below, characterized in that a nitriie of general formula (2): 

R1CN (2) 



3 
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wherein Ri is a 4-oxo-4H-benzopyranyl group optionally substituted with R 2 or a phenyl group optionally substituted 
with X, in which R 2 is a hydroxy group, a halogen atom, an R3CONH group, a nitro group, a CrC 5 alkyl or C r C 5 
alkoxy group; R 3 is a C r C20 alkyl group, a phenyl group, aphenyl-substituted (C-1-C20) alkyl group, a phenyi-sub- 
stituted (Ci -C20) alkoxyphenyl group or a (C1-C20) alkoxyphenyl group; X is a halogen atom, a phenyl group optionally 
substituted with Y, a CrC20 alkyl group, a phenyi-substituted (C r C2o) alkyl group, a phenyl-substituted (C 1 -C 2 o) 
alkoxy group or a C1-C20 alkoxy group; and Y is a C1-C20 alkyl group, a C1-C20 alkyl group substituted with one or 
more hydroxy groups with at least one hydrogen atom in the hydroxy group being optionally replaced for protection, 
a CrC20 alkyl group substituted with one or more amino groups with at least one hydrogen atom in the amino group 
being optionally replaced for protection, a C r C20 alkyl group with at least one hydrogen atom being replaced by a 
halogen atom, a CrCzo alkoxy group, a C1-C20 alkoxy group substituted with one or more hydroxy groups with at 
least one hydrogen atom in the hydroxy group being optionally replaced for protection, a C-1-C20 alkoxy group sub- 
stituted with one or more amino groups with at least one hydrogen atom in the amino group being optionally replaced 
for protection, or a C r C20 alkoxy group with at least one hydrogen atom being replaced by a halogen atom, is 
reacted with hydrazine or a salt thereof in the presence of a catalyst, followed by reaction with a nitrous acid com- 
pound of general formula (3): 

AN0 2 (3) 

wherein A is a hydrogen atom, an alkali metal, an alkaline earth metal or a C r C20 alkyl group; 

[2] a process for producing tetrazole compound (1 ), characterized in that nitriie (2) is reacted with hydrogen sulfide, 

followed by reaction with an alkyl halide of general formula (4) : 

R 4 J (4) 

wherein R 4 is a C r C20 alkyl group and J is a halogen atom, with hydrazine or a salt thereof, and then with nitrous 

acid compound (3); and 

[3] an amide of general formula (5): 

R1C(=R5)R6 (5) 

wherein Ri is as defined above; R5 is a sulfur atom or an NH group; and R6 is an NH 2 group, an SR 4 group or an 
NHNH 2 group, in which when R5 is a sulfur atom, then R6 is an NH 2 group, and when R5 is an NH group, then R6 
is an SR 4 group or an NHNH 2 group; and R 4 is as defined above. 

Detailed Description of the Invention 

As the R 1 in the nitriie (2) used in the present invention, there can be mentioned 4-oxo-4H-benzopyranyl groups 
optionally substituted with R 2 or phenyl groups optionally substituted with X. 

As the R 2 , there can be mentioned hydroxy group; halogen atoms such as fluorine, chlorine, bromine and iodine 
atoms; R 3 CONH groups; nitro group; straight chain or branched C r C 5 alkyl groups such as methyl, ethyl, propyl, butyl 
and pentyl groups; and straight chain or branched C r C 5 alkoxy groups such as methoxy, ethoxy, propoxy, butoxy and 
pentoxy groups. 

As the R3 there can be mentioned straight chain or branched CrC^, preferably C v Cw, and more preferably C r 
C 5 , alkyl groups such as methyl, ethyl, propyl, butyl, pentyl, octyl, decyl, pentadecyl and octadecyl groups; phenyl group; 
straight chain or branched CrC2D. preferably C r Cio. and more preferably C r C 5 , alkyl groups with one of the hydrogen 
atoms being replaced by a phenyl group, such as benzyl, phenethyl, phenylpropyl, phenylbutyl, phenyloctyl, phenylpen- 
tadecyl and 1-phenylethyl groups; straight chain or branched (C1-C20. preferably CrC 10 , and more preferably C r C 5 ) 
alkoxyphenyl groups with one of the hydrogen atoms in the alkoxy group being replaced by a phenyl group, such as 
benzyloxyphenyl, phenethyloxyphenyl, phenylpropyloxyphenyl, 4-phenylbutoxyphenyl, 3-phenylbutoxyphenyl, phe- 
nyipentadecyloxyphenyl and 1 -phenylethoxyphenyl groups; and straight chain or branched (C1-C20. preferably C1-C10, 
and more preferably C r C 5 ) alkoxyphenyl groups such as methoxyphenyl, ethoxyphenyl, propoxyphene, butoxyphenyl, 
octyioxyphenyi, pentadecyloxyphenyl, octadecyioxyphenyl, 1,1-dimethylmethoxyphenyl and 1,1,1-trimethylmethoxy- 
phenyl groups. 

As the X, there can be mentioned halogen atoms; phenyl groups optionally substituted with Y; straight chain or 
branched C r C20, preferably C r C 10. and more preferably CrC 5 , alkyl groups such as methyl, ethyl, propyl, butyl, pentyl, 
octyl, decyl, pentadecyl and octadecyl groups; straight chain or branched CrCzo, preferably C1-C10, and more preferably 
C r C 5 , alkyl groups with one of the hydrogen atoms being replaced by a phenyl group, such as benzyl, phenethyl, 
phenylpropyl, phenylbutyl, phenyloctyl, phenylpentadecyl and 3-phenyl-2-methy!propionyl groups; straight chain or 
branched C r C20. preferably C^C-io, and more preferably C r C 5 , alkoxy groups with one of the hydrogen atoms in the 
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alkoxy group being replaced by a phenyl group, such as benzyloxy. phenethyloxy t phenylpropyloxy, 4-phenylbutoxy, 3- 
phenylbutoxy, phenylpentadecyloxy and 1-phenylethoxy groups; and straight chain or branched C1-C20. Preferably C r 
C10, and more preferably CrC 5 , alkoxy groups such as methoxy, ethoxy, propoxy, butoxy, pentoxy, octyloxy. decyloxy, 
pentadecyloxy and octadecyloxy groups. 

5 As the Y, there can be mentioned straight chain or branched C-1.-C20. preferably C1-C10, and more preferably C r C 5 , 

alkyl groups such as methyl, ethyl, propyl, butyl, pentyi, octyl. decyl, pentadecyl and octadecyl groups; straight chain or 
branched CrC^. preferably C r Cio. and more preferably C r C 5 . alkyl groups substituted with one or more hydroxy 
groups with at least one hydrogen atom in the hydroxy group being optionally replaced for protection, such as hydroxyme- 
thyl, hydraxyethyl, hydroxypropyl, hydraxybutyl. hydroxypentyl, hydraxyoctyl, hydroxydecyl, hydroxypentadecyl and 

10 hydroxyoctadecyl groups, and these groups with the hydroxy group being protected by a protecting group; straight chain 
or branched C r C20. preferably C1-C10, and more preferably C r C 5 , alkyl groups substituted with one or more amino 
groups with at least one hydrogen atom in the amino group being optionally replaced for protection, such as aminomethyl, 
aminoethyl, aminopropyl, aminobutyl, aminopentyl. aminooctyi, aminodecyl, aminopentadecyl and aminooctadecyl 
groups, and these groups with the amino group being protected by a protecting group; straight chain or branched. C r 

1* C20. preferably C r C 10 , and more preferably C r C 5 , alkyl groups with at least one hydrogen atom being replaced by a 
halogen atom, such as chloromethyl, fluoromethyl. bromomethyl, iodomethyl, chloroethyl, fluoroethyl, bromoethyl, iodoe- 
thyl, bromononyl, bromooctadecyl. dichloromethyl, dibromomethyl and trichloromethyl groups; straight chain or branched 
C1-C20, preferably C-1-C10. and more preferably C-rCs, alkoxy groups such as methoxy, ethoxy, propyloxy, butoxy, pentoxy, 
octyloxy, decyloxy. pentadecyloxy and octadecyloxy groups; straight chain or branched C1-C20. preferably CrC 10 , and 

20 more preferably C r C 5 , alkoxy groups substituted with one or more hydroxy groups with at least one hydrogen atom in 
the hydroxy group being optionally replaced for protection, such as hydroxymethoxy, hydroxyethoxy, hydroxypropoxy, 
hydroxybutoxy, hydroxypentoxy, hydroxyoctyloxy, hydroxydecyloxy, hydroxypentadecyloxy and hydroxyoctadecyloxy 
groups, and these groups with the hydroxy group being protected by a protecting group; and straight chain or branched 
C1-C20, preferably CrC-io, and more preferably C^Cs, alkoxy groups with at least one hydrogen atom being replaced 

25 by a halogen atom, such as chloromethoxy, fluoromethoxy, bromomethoxy, iodomethoxy, chloroethoxy, fluoroethoxy, 
bromoethaxy, iodoethoxy, bromopentoxy, bromononyloxy and bromooctyloxy groups. 

As the protecting group for hydroxy groups, there can be mentioned, for example, aliphatic acyl groups, typical 
examples of which are alkylcarbonyl, cycloalkylcarbonyl and aromatic carbonyl groups such as acetyl, propionyl, valeryl, 
adamantoyl and 2,4,6-trimethylbenzoyl groups; halogen atoms such as chlorine and bromine atoms; benzyl groups 

30 optionally substituted with an alkyl group such as methyl, ethyl, propyl or butyl group, or with an alkoxy group such as 
methoxy, ethoxy, propoxy or butoxy group; trialkylsilyl, dialkylphenylsilyl, alkyldiphenylsilyl. triphenylsilyi, aralkyldialkyls- 
ilyl, diaralkylalkylsilyl and triaralkylsilyl groups, and these groups with at least one hydrogen atom in the aralkyl or phenyl 
group being replaced by a halogen atom, an alkyl group, an alkoxy group or the like, such as trimethylsilyl, triethylsilyl, 
dimethyiphenylsilyl, dimethylbenzylsilyl, methyldibenzylsilyl. tribenzylsilyl, dimethylbutylsilyl. methyldiphenylsilyi and 

35 triphenylsilyi groups; and alkoxyalkyl groups such as tetrahydropyranyl. tetrahydrofuranyl. ethoxyethyl and propoxyethyl 
groups. 

As the protecting group for amino groups, there can be mentioned, for example, oxycarbonyf groups such as meth- 
oxycarbonyi, 2,2,2-trichloroethoxycarbonyl, 1 f 1-dimethyl-2-chloroethoxycarbonyl, cyclobutoxycarbonyl, 1-adamanty- 
loxycarbonyl, 8-quinolyloxycarbonyl, benzyloxycarbonyl and tertiary-butoxycarbonyl groups; alkoxymethyl groups such 
40 as methoxymethyl group; phosphinyl groups such as N-diphenylphosphinyl and N-dimethylthiophosphinyl groups; sul- 
fonyl groups such as 2,4,6-trimethylbenzenesulfonyl, toluenesulfonyl, trifluoromethylsulfonyl and methanesulfonyl 
groups. The amino group protected by a protecting group in the present invention further includes one or more nitrogen 
atoms constituting a nitrogen-containing heterocyclic ring such as imidazolyl, benzimidazolyl. purine, pyrimidine or tri- 
azole ring. 

45 . As the nitrile (2), there can be mentioned, for example, 4-oxo-4H-benzopyranyl group-containing nitriles such as 5- 
hydroxy-2-cyano-4-oxo-4H-benzopyran, 7-hydroxy-2-cyano-4-oxo-4H-benzopyran. 5,7-dihydroxy-2-cyano-4-oxo-4H- 
benzopyran, 5-methoxy-2-cyano-4-oxo-4H-benzopyran t 5-ethoxy-2-cyano-4-oxo-4H-benzopyran, 5-butoxy-2-cyano-4- 
oxo-4H-benzopyran, 5-pentoxy-2-cyano-4-oxo-4H-benzopyran. 6-chloro-2-cyano-4-oxo-4H-benzopyran, 2-cyano-4- 
oxo-4H-benzopyran, 8-acetylamino-2-cyano-4-oxo-4H-benzopyran, 6-acetylamino-2-cyano-4-oxo-4H-benzopyran, 8- 

50 propionylamino-2-cyano-4-oxo-4H-benzopyran, 6-propionylamino-2-cyano-4-oxo-4H-benzopyran f 8-nonanoylamino-2- 
cyano-4-oxo-4H-benzopyran 6-nonanoylamino-2-cyano-4-oxo-4H-benzopyran, 8-hexadecanoylamino-2-cyano-4-oxo- 
4H-benzopyran, 6-hexadecanoylamino-2-cyano-4-oxo-4H-benzopyran, 8-benzoylamino-2-cyano-4-oxo-4H-benzo- 
pyran, 6-benzoylamino-2-cyano-4-oxo-4H-benzopyran, 8-(3-phenyipropionyl)amino-2-cyano-4-oxo-4H-benzopyran ( 6- 
(3i3ropionyl)amino-2^cyano-4-oxo-4H-benzopyran, 8-(9-phenyinonanoyl)amino-2-cyano-4-oxo-4H-benzopyran t 6-(9- 

55 phenylnonanoyl)amino-2-cyano-4-axo-4H-benzopyran, 8-(16-phenyihexadecanoyl)amino-2-cyano-4-oxo-4H-benzo- 
pyran, 6-(1 6-phenylhexadecanoy0amino-2-cyano-4-oxo-4H-benzopyran, 8-(4-methoxybenzoyl)amino-2-cyano-4-oxo- 
4H-benzopyran, 6-(4-methoxybenzoyl)amino-2-cyano-4-oxo-4H-benzopyran, 8-(4-ethoxybenzoyl)amino-2-cyano-4- 
oxo-4H-benzopyran, 6-(4-ethoxybenzoyl)amino-2-cyano-4-oxo-4H-benzopyran, 8-(4-propoxybenzoyI)amino-2-cyano- 
4-oxo-4H-benzopyran, 6-(4-propoxybenzoyl)amino-2-cyano-4-oxo-4H-benzopyran, 8-(4-butoxybenzoyl)amino-2- 
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cyano-4-oxo-4H-benzopyran, 6-(4-butoxybenzoyl)amino-2-cyano-4-oxo-4H-benzopyran, 8-[4-(1 , 1 -dimethylmeth- 
oxy)benzoyl]amino-2-cyano-4-oxo-4H-benzopyran, 6-[4-(1 ,1 <iimethyimethoxy)benzoyl]amino-2-cyano-4-oxo-4H-benz- 
opyran, 8-[4-(1 .1,1 -trimethyimethoxyJbenzoyllamino-a-cyano^-oxo^H-benzopyran, 6-[4-(1 ,1.1 -trimethylmethoxy)- 
benzoyllamino^-cyano^-oxo^H-benzopyran, 8-(4-octyloxybenzoyl)amino-2-cyano-4-oxo-4H-benzopyran ( 6-(4-octy- 
loxybenzoyl)amino-2-cyano-4-oxo-4H-benzopyran, 8-(4-pentadecyloxybenzoyi)amino-2-cyano-4-oxo-4H-benzopyran. 
6-(4-pentadecyioxybenzoyl)amino-2-cyano-4-oxo-4H-benzopyran, 8-[4-(3-phenylbtitoxy)benz6yl]amino-2-cyano-4- 
oxo-4H-benzopyran, 6-[4-(3-phenylbutoxy)benzoyi]amino-2-cyano-4-Qxo-4H-benzopyran. 8-[4-(4-phenylbutoxy)ben- 
zoyl]amino-2-cyano-4-oxo-4H-benzopyran t 6-[4-(4-phenylbutoxy)benzoyi]amino-2-cyano-4-oxo-4H-benzopyran, 8-[4- 
(8-phenyIoctyloxy)benzoyl]amino-2-cyano-4-oxo-4H-benzopyran, 6-[4-(8-phenyloctyloxy)benzoyl]amino-2-cyano-4- 
oxo-4H-benzopyran. 8-nitro^2-cyano-4-oxo-4H-benzopyran, 6-nitro-2-cyano-4-oxo-4H-benzopyran, 8-nitro-6-chloro-2- 
cyano-4-oxo-4H-benzopyran and 8-nitro-6-bromo-2-cyano-4-oxo-4H-benzopyran; and aryi group-containing nitriles 
such as benzonitriie. 2-chlorobenzonitrile, 3-chlorobenzonitrile, 4-chlorobenzonitrile, 2-bromobenzonitriie, 3-bromoben- 
zonitrile, 4-bromobenzonitrile, 2-fluorobenzonitrile, 3-fluorobenzonitrile, 4-fluorobenzonitriie. 2-methylbenzonitrile, 3- 
methylbenzonitrile, 4-methylbenzonitrile, 2-ethylbenzonrtrile, 3-ethylbenzonitrile, 4-ethylbenzonitrile, 2-propylbenzoni- 
trile, 3-propylbenzonitrile, 4-propylbenzonitrile. 2-butylbenzonitrile, 3-butyibenzonitrile. 4-butylbenzonitrile, 2-octylben- 
zonitrile. 3-octylbenzonitriie. 4-octylbenzonitrile. 2-pentadecylbenzonitrile. 3-perrtadecylbenzonitrile, 4- 
pentadecylbenzonitrile, 2-benzylbenzonitrile, 3-benzylbenzonitrile. 4-benzylbenzonitrile, 2-phenethylbenzonitriie, 3- 
phenethylbenzonitrile. 4-phenethylbenzonitrile, 2-(4-phenylbutyl)benzonitrile 1 3-(4-phenylbutyl)-benzonitrile. 4-(4-phe- 
nylbutyl)benzonitrile, 2-(8-phenyloctyl)benzonitrile, 3-(8-phenyloctyi)benzonitrile, 4-(8-phenyloctyl)benzonitriIe, 2-(15- 
phenylpentadecyl)benzonitriie. 3-(1 5-phenylpentadecyl)benzonitrile, 4-(1 5-phenylpentadecyl)benzonitrile ( 2-methoxy- 
benzonitrile, 3-methoxybenzonitrile, 4-methoxybenzonitrile, 2-ethoxybenzonitriie, 3-ethoxybenzonitrile. 4-ethoxyben- 
zonitrile, 2-propoxybenzonitrile, 3-propoxybenzonitriie, 4-propoxybenzonitriie. 2-butoxybenzonitrile, 3- 
butoxybenzonitrile, 4-butoxybenzonitrile. 2-octyloxybenzonitrile, 3-octyloxybenzonitrile, 4-octyloxybenzonitrile, 2-penta- 
decyloxybenzonitrile, 3-pentadecyioxybenzonitrile, 4-pentadecyloxybenzonitrile, 2-benzyloxy-benzonitrile, 3-benzyloxy- 
benzonitrile. 4-benzyioxybenzonitrile. 2-phenethyloxybenzonitriie, 3-phenethyloxybenzonitrile, 4-phenethyloxy- 
benzonitrile! 2-(4-phenylbutoxy)benzonitriie. 3-(4-phenyibutoxy)benzonitrile, 4-(4-phenyibutoxy)benzonrtrile, 2-(8-phe- 
nyloctyiaxy)benzonitri!e. 3-(8-phenyioctyioxy)benzonitrile. 4-(8-phenyloctyioxy)benzonitriie t 2-(1 5-phenylpentadecy- 
loxy)benzonitrile, 3-(15-phenylpentadecyioxy)benzonitrile. 4-(15-phenylpentadecyloxy)benzonitrile 2-(1 -phenyl) - 
ethoxybenzonitrile. 3-(1-phenyI)ethoxybenzonitrile, 4-(1-phenyi)ethoxybenzonitrile, 2-cyano-1.1 '-biphenyi, 2-cyano-4'- 
methyl-1,1 '-biphenyi, 2-cyano-4 , -ethy!-1,1 , -biphenyl, 2-cyano-4'-propyl-1,r-biphenyl, 2-cyano-4'-butyi-1,1'-biphenyl, 2- 
cyano-4'-octyi-1 ,1 '-biphenyl, 2-cyano-4'-decyl-1 .r-biphenyl, 2-cyano-4'-hydroxymethyl-1 , 1 '-biphenyi, 2-cyano-4'-(2- 
hydroxy)ethyl-1 , 1 '-biphenyi. 2-cyano-4'-(3-hydroxy)propyl-1 ,1 '-biphenyi. 2-cyano-4*-(4-hydroxy)butyl-1 , 1 '-biphenyi, 2- 
cyano-4'-(8-hydroxy)octyM , 1 '-biphenyi. 2-cyano-4'-methoxymethyl-1 .1 '-biphenyi, 2-cyano-4'-(2-methoxy)ethyl-1 , 1 '- 
biphenyi, 2-cyano-4'-(3-methoxy)propyM , 1 '-biphenyi. 2-cyano-4'-(4-methoxy) butyl- 1 , 1 '-biphenyi. 2-cyano-4'-(8-meth- 
oxy)octyl-1 1 '-biphenyi, 2-cyano-4 , -benzyloxymethyl-1 . 1 '-biphenyi, 2-cyano-4'-(2-benzyloxy)ethyl-1 , 1 '-biphenyi , 2- 
cyano-4*-(3-benzyioxy)propyl-1 ,r-biphenyl, 2-cyano-4'-(4-benzyloxy)butyl-1 ,1'-biphenyl, 2-cyano-4'-(8-benzyloxy)octyl- 
1 ,1'-biphenyl, 2-cyano-4'-[2-(4-methoxybenzyloxy)ethyl]-1 .1 '-biphenyi, 2-cyano-4'-[3-(4-methoxybenzyioxy)propy0-1 ,1'- 
biphenyl, 2-cyano-4'-[4-(4-methoxybenzyloxy)butyl]-1 , 1 '-biphenyi, 2-cyano-4'-[8-(4-methoxybenzyloxy)octyi]-1 , 1 '-biphe- 
nyi. 2-cyano-4'-aminomethyl-1 , 1 '-biphenyi. 2-cyano-4'-(2-amino)ethyl-1 .1 '-biphenyi, 2-cyano-4'-(3-amino)propyl-1 , 1 '- 
biphenyi, 2-cyano-4'-(4-amino)butyl-1 .1 '-biphenyi, 2-cyano-4'-(8-amino)octyi-1 ,1 '-biphenyi, 2-cyano-4'-(N- 
mesylamino)methyl- 1 . 1 '-biphenyi, 2-cyano-4'-(2-mesylamino) ethyl-1 , 1 '-biphenyi. 2-cyano-4'-(3-mesylamino)propyl- 
1.1 '-biphenyi, 2-cyano-4 , -(4-mesylamino)butyl-1,1'-biphenyl, 2-cyano-4'-(8-mesylamino)octyl-1 ,1'-biphenyi, 2-cyano-4'- 
(benzyioxycarbonylamino)methyl-l , V-biphenyl, 2-cyano-4'-(2-benzyloxycarbonylamino)ethyl-1 ,1 '-biphenyi, 2-cyano-4'- 
(3-benzyioxycarbonylamino)propyl-1.1 '-biphenyi, 2-cyano-4'-(4-benzyloxycarbonylamino)butyl-1,r-biphenyl. 2-cyano- 
4'-(8-benzyloxycarbonylamino)octyl-1,1 '-biphenyi, 2-cyano-4'-(tertia!7-birtoxy<^rbonylamino)methyl-1,r-biphenyl, 2- 
cyano-4'-(2-tertiary-butoxycarbonylamino)ethyl-1 , 1 '-biphenyi, 2-cyano-4 , -(3-tertiary-butoxycarbonylamino)propyl-1 , 1 '- 
biphenyi, 2-cyano-4'-(4-tertiary-butoxycarbonylamino)butyl-1 .1 '-biphenyi, 2-cyano-4'-(8-tertiary-butoxycarbonylamino)- 
octyl-1 , V-biphenyl, 2-cyano-4*-chloromethyl-1 , 1 '-biphenyi, 2-cyano-4'-bromomethyl-1 , 1 '-biphenyi, 2-cyano-4'-(2- 
bromo) ethyl-1 ,1 '-biphenyi, 2-cyano-4'-(3-bromo)propyl-1 ,1 '-biphenyi, 2-cyano-4'-(4-bromo)butyl-1 ,1 '-biphenyi, 2-cyano- 
4*-(8-bromo)octyl-1 ,1 '-biphenyi, 2-cyano-4'-dichloromethyl-1 ,1 '-biphenyi, 2-cyano-4'-trichloromethyl-1 ,1 '-biphenyi, 2- 
cyano-4'-dibromomethyl-1 ,1 '-biphenyi, 2-cyano-4'-tribromomethyl-1 ,1 '-biphenyi, 2-cyano-4'-methoxy-1 , 1 '-biphenyi, 2- 
cyano-4'-ethoxy-1 , 1 '-biphenyi, 2-cyano-4'-propoxy-1 , 1 '-biphenyi, 2-cyano-4'-butoxy-1 , 1 '-biphenyi, 2-cyano-4'-chlo- 
romethoxy-1 , 1 '-biphenyi and 2-cyano-4*-(2-chloro)ethoxy-1 ,1 '-biphenyi. 

As the hydrazine or the salt thereof, which is used in the present invention, there can be mentioned anhydrous 
hydrazine, aqueous hydrazine, and hydrazine salts such as hydrazine hydrochloride and hydrazine sulfate. 

As the nitrous acid compound (3) used in the present invention, there can be mentioned nitrous acid; alkali metal 
nitrites such as sodium nitrite and potassium nitrite, and alkaline earth metal nitrites such as barium nitrite; C r C20. 
preferably C r C 10 . and more preferably C r C 5 , alkyl nitrites such as ethyl nitrite and isoamyl nitrite. 
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According to the production process of the present invention, tetrazole compound (1) can be produced by reacting 
nitrile (2) with hydrazine or a salt thereof in the presence of a catalyst, followed by reaction with nitrous acid compound (3). 
The reaction of nitrile (2) with hydrazine or a salt thereof in the presence of a catalyst can be effected as follows. 
The reaction of nitrile (2) with hydrazine or a salt thereof in the presence of a catalyst makes it possible to obtain 
5 an amidrazone of general formula (6): 

R1C(=NH)NHNH 2 (6) 

wherein R1 is as defined above, which corresponds to the amide (5) where R 5 is an NH group and R6 is an NHNH 2 
10 group as the production intermediate of the present invention. The amidrazone (6) is tautomerized into an isomerized 
amidrazone of general formula (9): 

R1C(=NNH2)NH 2 (9) 

is wherein R1 is as defined above, which is a tautomer thereof. In the present invention, both are represented by the term 
"amidrazone (6)". 

The amount of hydrazine or a sait thereof, which is to be used, is usually from 1 to 20 moles, relative to nitrile (2). 
As the catalyst used in the above reaction, there can be mentioned those which enhance the reactivity of nitrile (2). 
For example, there can be mentioned alkoxides such as sodium methoxide and sodium ethoxide; alkali metals such as 

20 sodium and potassium; alkali metal amides such as sodium amide, lithium amide and sodium hydrazide; alkali metal or 
alkaline earth metal hydrides such as lithium hydride, sodium hydride and calcium hydride; sulfides or salts thereof, such 
as hydrogen sulfide, methylmercaptan, ethylmercaptan, butyl mercaptan, sodium sulfide and ammonium sulfide; thiocy- 
anates such as potassium thiocyanate; organic amines including pyridine compounds such as pyridine, picoline and 2- 
methyl-5-ethylpyridine, alkylamines such as triethylamine, methylamine and dimethylamine, aromatic amines such as 

25 dimethylaniline and dimethylaminopyridine, and diamines, typical examples of which are aikylenediamines such as 
tetramethylethylenediamine and aromatic diamines such as phenylenediamine; and phase transfer catalysts, typical 
examples of which are organic quaternary ammonium salts such as tetrabutylammonium bromide, benzyltriethylammo- 
nium chloride and cetylpyridinium chloride. These can be used alone or as a mixture of two or more kinds of catalysts. 
Particularly preferred are hydrogen sulfide; mixtures of hydrogen sulfide and alkylamines such as dimethylamine and 

30 triethylamine; and alkoxides derived from lower alcohols, such as sodium methoxide and sodium ethoxide. The amount 
of catalyst to be used, although it may vary with the kind of catalyst used, is usually from 0.001 to 5 moles, preferably 
from 0.01 to 5 moles, and more preferably from 0.1 to 5 moles, relative to nitrile (2). 

The above reaction is usually effected in the presence of an organic solvent. As the solvent used, there can be 
mentioned those which are inert to hydrazine or salts thereof, for example, hydrocarbons such as benzene, toluene and 

35 hexane; halogenated hydrocarbons such as dichloromethane, dichioroethane and chlorobenzene; nitrated hydrocarbons 
such as nitrobenzene and nitromethane; ethers such as diethyl ether and tetrahydrofuran; amides such as dimethylfor- 
mamide; and alcohols such as methanol and ethanol. These can be used alone or as a mixture of two or more kinds of 
solvents. The amount of solvent to be used, although it can be appropriately determined, is usually from 1 to 100 times 
as much as the weight of nitrile (2). 

40 The method and order for the addition of nitrile (2) and hydrazine or a salt thereof are not particularly limited, and 
usually, hydrazine or a salt thereof may be added to a mixture of nitrile (2), a catalyst and a solvent. 

The reaction temperature is usually from -78° to +150°C, preferably from -50° to +100°C. The completion of the 
reaction can be monitored by an analytical method such as liquid chromatography. Usually, the disappearance of nitrile 
(2) can be considered as the end point of the reaction. 

45 After completion of the reaction, amidrazone (6) can be isolated by an ordinary procedure such as extraction or 
filtration, or can be used in the next step without isolation. Alternatively, amidrazone (6) can be isolated as a stable onium 
salt by the addition of an acid such as concentrated hydrochloric acid or acetic acid to the reaction mixture, and then 
used in the next step. In this case, the amount of acid to be added is usually from 1 to 5 moles, relative to amidrazone 
(6), and the isolation can be usually carried out by filtration. 

so As the amidrazone (6) thus obtained, there can be mentioned, for example. 4-oxo-4H-benzopyranyl group-containing 
amidrazones such as (5-hydroxy-4-oxo-4H-benzopyran-2-yl)amidrazone, (7-hydroxy-4-oxo-4H-benzopyran-2-yl)amid- 
razone, (5,7<lihydroxy-4-oxo-4H-benzopyran-2-yl)amidrazone I (5-methoxy-4-oxo-4H-benzopyran-2-yl)amidrazone, (5- 
ethoxy-4-oxo-4H-benzopyran-2-yl)amidrazone, (5-butQxy-4-oxo-4H-benzopyran-2-yl)amidrazone, (5-pentoxy-4-oxo- 
4H-benzopyran-2-yI)amidrazone, (6-chloro-4-oxo-4H-benzopyran-2-yl)amidrazone, (4-oxo-4H-benzopyran-2-yi)amid- 

55 razone, (8-acetylamino-4-oxo-4H-benzopyran-2-yl)amidrazone, (6-acetylamino-4-oxo-4H-benzopyran-2-yl)amidra- 
zone, (8iDropionylamino^-oxo-4H-benzopyran-2-yl)amidrazone,(6-propionylamino-4-oxo-4H-benzopyra 
zone, (8-nonanoylamino^-oxo-4H-benzopyran-2-yl)amidra^ 

zone, (8-hexadecanoylamino-4-oxo-4H-benzopyran-2-yl)amidrazone, (6-hexadecanoylamino-4-oxo-4H-benzopyran-2- 
yl)amidrazone. (8-benzoylamino-4-oxo-4H-benzopyran-2-yl)amidrazone, (6-benzoylamino-4-oxo-4H-benzopyran-2- 
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yl)amidrazone, [8-(3-phenylpropionyl)amino-4-oxo-4H-benzopyran-2-yl]amidrazone, [6-(3-propionyl)amino-4-oxo-4H- 
benzopyran-2-yl]amidrazone, [8-(9-phenylnonanoyl)amino-4-oxo-4H-benzopyran-2-yl]amidrazone [6-(9-phenylnona- 
noyl)amino-4-oxo-4H-benzopyran-2-yl]amidrazone, [8-(16-phenylhexadecanoyl)amino-4-oxo-4H-benzopyran-2- 
yl]amidrazone, [6-(16-phenylhexadecanoyl)amino-4-oxo-4H-benzopyran-2-yl]amidrazone, [8-(4-methoxybenzoyI)- 
amino-4-oxo-4H-benzopyran-2-yl]amidrazone, [6-(4-methoxybenzoyl)amino-4-oxo-4H-benzopyran-2-yi]amidrazone, 
[8-(4-ethoxybenzoyI)amino-4-oxo-4H-benzopyran-2-yl]amidrazone, [6-(4-ethoxybenzoyl)amino-4-oxo-4H-benzopyran- 

2- yi]arnidrazone, [8-(4-propoxybenzoyi)amino-4-oxo-4H-benzopyran-2-yl]amidrazone l [6-(4-propoxybenzoyi)amino-4- 
oxo-4H-benzopyran-2-yl]amidrazone [8-(4-butoxybenzoyl)amino^-oxo-4H-benzopyran-2-yl]amidrazorie, [6-(4-butoxy- 
benzoyl)amino-4-oxo-4H-benzopyran-2-yl]amidrazone, [8-[4-(1 , 1 -dimethylmethoxy)benzoyl]amino-4-oxo-4H-benzo- 
pyran-2-yl]amidrazone, [6-[4-(1 , 1 -dimethyl methoxy)benzoyl]amino-4-oxo-4H-benzopyran-2-yl]amidrazone, [8-[4-(1 ,1,1- 
trimethylmethoxy)benzoyl]amino-4-oxo-4H-benzopyran-2-yi]amidrazone, [6-[4-(1 ,1,1 -trimethylmethaxy)benzoyl]amino- 
4-oxo-4H-benzopyran-2-yl]amidrazone, [8K4-octyloxybenzoyl)amino-4-oxo-4H-benzopyran-2-yl]amidrazone, [6-(4- 
octyIoxybenzoyl)amino-4-oxo-4H-benzopyran-2-yi]amidrazone, [8-(4-pentadecyloxybenzoyl)amino-4-axo-4H-benzo- 
pyran-2-yl]amidrazone [6-(4-pentadecyloxybenzoy!)amino-4-oxo-4H-benzopyran-2-yl]amidrazone, [8-[4-(3-phenylbu- 
toxy)benzoyl]amino-4-oxo-4H-benzopyran-2-yl]amidrazone, [6-[4-(3-phenyibutoxy)benzoyl]amino-4-oxo-4H-benzopy- 
ran-2-yl]amidrazone, [8-[4-(4-phenylbutoxy)benzoyl]amino-4-oxo-4H-benzopyran-2-yl]amidrazone. [6-[4-(4-phenylbu- 
toxy)benzoyl]amino-4-oxo-4H-benzopyran-2-yl]amidrazone, [8-[4-(8-phenyioctyloxy)benzoyl]amino-4-oxo-4H-benzo- 
pyran-2-yl]amidrazone, [6-[4-(8-phenyloctyloxy)benzoyl]amino-4-cKO^H-benzopyran-2-yl]amidrazone p (8-nitro-4-oxo- 
4H-benzopyran-2-yl)amidrazone, (6-nitro-4-oxo-4H-benzopyran-2-yl)amidrazone P (8-nitro-6-chloro-4-oxo-4H-benzo- 
pyran-2-yi)amidrazone and (8-nitro-6-bromo-4-oxo-4H-benzopyran-2-yl)amidrazone; and aryl group-containing amidra- 
zones such as benzonitrile, 2-chlorobenzamidrazone, 3-chlorobenzamidrazone, 4-chlorobenzamidrazone, 2- 
bromobenzamidrazone, 3-bromobenzamidrazone, 4-bromobenzamidrazone, 2-fluorobenzamidrazone, 3-fluorobenza- 
midrazone, 4-f luorobenzamidrazone, 2-methylbenzamidrazone, 3-methylbenzamidrazone, 4-methylbenzamidrazone, 2- 
ethylbenzamidrazone, 3-ethylbenzamidrazone, 4-ethylbenzamidrazone. 2-propylbenzamidrazone ? 3-propylbenzamidra- 
zone, 4-propylbenzamidrazone, 2-butyibenzamidrazone, 3-butylbenzamidrazone, 4-butylbenzamidrazone, 2-octylben- 
zamidrazone, 3-octylbenzamidrazone, 4-octylbenzamidrazone, 2-pentadecylbenzamidrazone, 3-pentadecylben- 
zamidrazone, 4-pentadecyIbenzamidrazone, 2-benzylbenzamidrazone, 3-benzylbenzamidrazone, 4-benzyIbenzamid- 
razone, 2-phenethylbenzamidrazone. 3-phenethyIbenzamidrazone, 4-phenethylbenzamidrazone, 2-(4-phenyibutyl)ben- 
zamidrazone, 3-(4-phenylbutyl)benzamidrazone. 4-(4-phenylbutyi)benzamidrazone, 2-(8-phenyloctyl)benzamidrazone, 

3- (8-phenyloctyi)benzamidrazone. 4-(8-phenyloctyl)benzamidrazone ( 2-(1 5-phenylpentadecyl)benzamidrazone, 3-(1 5- 
phenylpentadecyl)benzamidrazone, 4-(1 5-phenylpentadecyl)benzamidrazone, 2-methoxybenzamidrazone, 3-methoxy- 
benzamidrazone, 4-methoxybenzamidrazone, 2-ethoxybenzamidrazone, 3-ethoxybenzamidrazone, 4-ethoxybenzamid- 
razone, 2-propcxybenzamidrazone, 3-propoxybenzamidrazone, 4-propoxybenzamidrazone ( 2-butoxybenzamidrazone, 
3-butoxybenzamidrazone, 4-butoxybenzamidrazone, 2-octyloxybenzamidrazone. 3-octyloxybenzamidrazone, 4-octy- 
loocybenzamidrazone, 2-pentadecyloxybenzamidrazone, 3-pentadecyioxybenzamidrazone, 4-pentadecyloxybenzamid- 
razone, 2-benzyIoxybenzamidrazone, 3-benzyloxybenzamidrazone, 4-benzyloxybenzamidrazone ( 2-phenethyloxyben- 
zamidrazone, 3-phenethyloxybenzamidrazone, 4-phenethyloxybenzamidrazone, 2-(4-phenylbutoxy)benzamidrazone, 
3-(4-phenylbutoxy)benzamidrazone, 4-{4-phenylbutoxy)benzamidrazone t 2-(8-phenyloctyloxy)benzamidrazone, 3-(8- 
phenyloctyloxy)benzamidrazone, 4-(8-phenyloctyloxy)benzamidrazone, 2-(1 5-phenylpentadecyIoxy)benzamidrazone, 
3-(1 5-phenylpentadecyloxy)benzamidrazone, 4-(15-phenyipentadecyloxy)benzamidrazone, 2-(1 -phenyl)ethoxybenza- 
midrazone, 3-(1-phenyl)ethoxybenzamidrazone, 4-(1-phenyl)ethoxybenzamidrazone, (1,r-biphen-2-yi)amidrazone s (4- 
methyl-1 , 1 '-biphen-2-yl)amidrazone, (4'-ethyl-1 . 1 '-biphen-2-yi)amidrazone, (4'-propyl-1 , 1 *-biphen-2-yl)amidrazone, (4- 
butyl-1 , 1 '-biphen-2-yl)amidrazone. (4'-octyl-1 ,1 '-biphen-2-yOamidrazone, (4'-decyl-1 ,r-biphen-2-yl)amidrazone, (4- 
hydroxymethyl-1,1'-biphen-2-yl)amidrazone, [4 , -(2-hydroxy)ethyl-1,1'-biphen-2-yl]amidrazone, [4'-(3-hydroxy)propyl- 
1 , 1 -biphen-2-yl]amidrazone, [4'-(4-hydroxy)butyl-1 , 1 '-biphen-2-yl]amidrazone, [4'-(8-hydroxy)octyi-1 ,1'-biphen-2- 
yl]amidrazone, (4-methoxymethyl-1 , 1 , -biphen-2-yl)amidrazone, [4 , -(2-methoxy)ethyl-1 ,1 '-biphen-2-yl]amidrazone, [4- 
(3-methoxy)propyl-1 , 1 '-biphen^-yQamidrazone, [4'-(4-methoxy)butyl-1 ,r-biphen-2-yl]amidrazone, [4'-(8-meth- 
oxy)octyM , 1 , biphen-2-yl]amidrazone. (4'-benzyloxymethyf-1 ,1 '-biphen-2-yl)amidrazone ( [4'-(2-benzyloxy) ethyl -1 ,V- 
biphen-2-yl]amidrazone, [4'-(3-benzylaxy)propyl-1,r-biphen-2-yQamidrazone f ^'^-benzyloxyjbutyl-l.r-biphen^- 
yi]amidrazone, [4*-(8-benzyloxy)octyl-1 ,r-biphen-2-yl]amidrazone r [4'-[2-(4-methoxybenzylaxy)ethyl]1 ,1 '-biphen-2- 
yl]amidrazone, [4 , -[3-{4-methoxybenzyloxy)propyl]-1 ,V-biphen-2-yl]amidrazone, [444^4-methoxybenzyloxy)butyl]-1,r- 
biphen-2-yi]amidrazone, [4'-[8-(4-methoxybenzyioxy)octyl]-1 ,r-biphen-2-yi]amidrazone. (4'-aminomethyl-1 ,1 '-biphen- 
2-yl)amidrazone, [4'-(2-amino)ethyI-1 , 1 '-biphen-2-yIlamidrazone, [4'-(3-amino)propyl-1 , 1 '-biphen-^-ylJamidrazone, [4*- 
(4-amino)butyM JMd^ 

1 ,r-biphen-2-yl]amidrazone, [4'-(2-mesylamino)ethyl-1 ,r-biphen-2-yl]amidrazone, [443-mesylamino)propyl-1 ,1'- 
bi'phen-2-yl]amidrazone, [4 , -(4-mesylamino)butyl-1 , 1 '-biphen-2-y!]amidrazone, [4-(8-mesylamino)octyl-1 , 1 '-biphen2- 
yl]amidrazone, [4'-(benzyioxycarbonylamino)methyl-1 , 1 '-biphen-2-yllamidrazone, [4 , -(2-benzyloxycarbonylamino)ethyl- 
1.V-biphen-2-yl]amidrazone, [4 , -(3-benzyloxycarbonylamino)propyl-1,1 , -biphen-2-yl]arnidrazone t [4-(4-benzyloxycarb- 
onylamino)butyt-1 t r-biphen-2-yl]amidrazone, [^-(S-benzyloxya^bonyia^ [4- 
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(tertiary-butoxycarbonylamino)methyl- 1 , 1 -biphen-2-yl]amidrazone, [4'-(2-tertiary-butQxycarbonylamino)ethyl-1 , 1 
biphen-2-yl]amidrazone, [4X3-tertiaiybutoxycartDonylamino)propyl-1 ,1 MDiphen-2-yl]amidrazone, [4'-(4-tertiary-butoxy- 
carbonylamino)butylO,1'-biphen-2-yl]amidrazone, [^S-tertiary-buloxycailaonylaminoJoctyl-l.l'-biphen^-yOamidra- 
zone, (4 , -chloromethyl-1 ,1 '-biphen-2-yl)amidrazone, (4'-bromomethyM , 1 '-biphen-2-yl)amidrazone P [4*-(2-bromo)ethyl- 
s 1,1 '-biphen-2-yl]amidrazone f [4'-(3-bromo)propyl-1 , 1 '-biphen-2-ylJamidrazone, [4*-(4-bromo) butyl- 1 , 1 '-biphen-2- 
yQamidrazone, [4'-(8-bromo)octyl-1 , 1 '-biphen-2-yl]amidrazone, (4'-dichloromethyl- 1 , 1 '-biphen-2-yl)amidrazone, (4'- 
trichloromethyl-1 , 1 '-biphen-2-yl)amidrazone, (4'<Jibromomethyl-1 , 1 '-biphen-2-yl)amidrazone. (4 , -tribromomethyl-1 , 1 
biphen-2-yl)amidrazone, (4 , -methoxy-1,1 , -biphen-2-yl)amidrazone ) (4*-ethoxy-1 JMDiphen-2-yl)amidrazone, (4-pro- 
poxy-1 , 1 '-biphen-2-yl)amidrazone, (4*-butoxy-1 ,r-biphen-2-yl)amidrazone, (4*-chloromethoxy-1 1 1 '-biphen-2-yl)amidra- 
10 zone and [^^-chlorojethoxy-l.l^iphen^-yljamidrazone. 

The reaction of amidrazone (6) or a salt thereof with nitrous acid compound (3) can be effected as follows. 

The reaction of amidrazone (6) or a salt thereof with nitrous acid compound makes it possible to produce tetrazole 
compound (1). 

The amount of nitrous acid compound (3) to be used is usually from 1 to 50 moles, relative to amidrazone (6) or a 
is salt thereof. 

When an alkali metal nitrite or an alkaline earth metal nitrite is used as the nitrous acid compound (3), an inorganic 
or organic acid~such as hydrochloric acid, acetic acid or methanesuifonic acid is usually used together, and the amount 
thereof is usually from 1 to 100 moles, relative to nitrous add compound (3). 

The above reaction is usually effected in a solvent. As the solvent to be used, there can be mentioned hydrocarbons 
20 such as benzene, toluene and hexane; halogenated hydrocarbons such as dichloromethahe, dichloroethane and chio- 
robenzene; nitrated hydrocarbons such as nitrobenzene and nitromethane; ethers such as diethyl ether and tetrahydro- 
furan; amides such as dimethylformamide; alcohols such as methanol and ethanol; and organic acids such as acetic 
acid and butyric acid. These can be used alone or as a mixture of two or more kinds of solvents. The amount of solvent 
to be used is usually from 3 to 200 times as much as the weight of amidrazone (6) or a salt thereof. 
25 The method and order for the addition of amidrazone (6) or a salt thereof, a nitrous acid compound (and an organic 
or inorganic acid) and a solvent are not particularly limited, and usually, nitrous acid compound (3) may be added to a 
mixture of amidrazone (6) or a salt thereof, an acid and a solvent. 

The reaction temperature is from -78° to +1 50°C, preferably from -50° to +50°C. 

The end point of the reaction can be monitored by an analytical method such as liquid chromatography, and tetrazole 

30 compound (1) can be obtained, for example, by an ordinary work up such as extraction or filtration, and can also be 
purified, if necessary, by an ordinary technique such as recrystallization. 

As the tetrazole compound thus obtained, there can be mentioned, for example. 4-axo-4H-benzopyranyl group- 
containing tetrazole compounds such as 5-hydroxy-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 7-hydraxy-2-(tetrazol-5-yl)- 
4-oxo-4H-benzopyran, 5J-dihydroxy-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 5-methoxy-2-(tetrazol-5-yl)-4-oxo-4H-ben- 

35 zbpyran, 5-ethoxy-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 5-birtoxy-2-(tetrazol-5-yl)-4-axo-4H-beriz6pyran, 5-pentoxy- 
2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-chloro-2-(tetrazo!-5-yO-4-oxo-4H-benzopyran, 2-(tetrazol-5-yl)-4-oxo-4H-ben- 
zopyran, 8-acetyiamino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-acetyiamino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 
8-propionylamino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-propionylamino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 8- 
nonanoylamino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-nonanoylamino-2-(tetrazol-5-yO-4-oxo-4H-benzopyran t 8- 

40 hexadecanoylamino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-hexadecanoylamino-2-(tetrazoi-5-yl)-4-oxo-4H-benzo- 
pyran, 8-benzoylamino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, S-benzoylamino-a-Ctetrazol-SylJ^-oxo^H-benzopyran, 
8-(3-phenylpropionyl)amino-2-{tetrazol-5-yI)-4-oxo-4H-benzopyran, 6-{3-propionyl)amino-2-(tetrazol-5-yl)-4-oxo-4H- 
benzopyran, 8-(9-phenylnonanoyl)amino-2-(tetrazol-5-yl)-4-Qxo-4H-benzopyran, 6-(9-phenylnonanoyt)amino-2-(tetra- 
zol-5-yl)-4-oxo-4H-benzopyran, 8-(1 6-phenylhexadecanoyl)amino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-(1 6-phe- 

45 nylhexadecanoyl)am!no-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 8-(4-methoxybenzoyl)amino-2-(tetrazol-5-yl)-4-oxo- 
4H-benzopyran, 6-(4-methoxybenzoyl)amino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran r 8-(4-ethoxybenzoyl)amino-2- 
(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-(4-ethoxybenzoyl)amino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran 8-(4-propoxy- 
benzoyi)amino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-(4-propoxybenzoyl)amino-2-(tetrazol-5-yO-4-oxo-4H-benzo- 
pyran, 8-(4-butoxybenzoyl)amino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-(4-butoxybenzoyl)amino-2-(tetrazol-5-yl)-4- 

so oxo-4H-benzopyran, 8-[4-(1 , 1 -dimethylmethoxy)benzoyl]amino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-[4-(1 , 1 - 
dimethylmethoxy)benzoyl]amino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 8-[4-(1 ,1,1 -trimethylmethoxy)benzoyl]amino- 
2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-[4-(1 ,1,1 -trimethylmethoxy)benzoyl]amino-2-(tetrazol-5-yl)-4-oxo-4H-benzo- 
pyran, 8-(4<>ctyloxybenzoyl)amino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-(4-octyloxybenzoyl)amino-2-(tetrazol-5- 
yl)-4-oxo-4H-benzopyran, 8-(4-pentadecyloxybenzoyl)amino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-(4-pentadecy- 

55 loxybenzoyl)amino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 8-[4-{3-phenyIbutoxy)benzoyl]amino-2-(tetrazol5-yl)-4-oxo- 
4H-ben zopy ran, 6-[4-(3-phenylbutoxy)benzoyl]aminO"2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 8-[4-(4-phenylbutoxy)ben- 
zoyl]amino-2~(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-[4-(4-phenylbutoxy)benzoyi]amino-2-(tetrazol-5-yl)-4-oxo-4H-ben- 
zopyran, 8-[4-(8-phenyioctyloxy)benzoyl]amino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran ( 6-[4-(8-phenyloctyloxy)- 
benzoyl]amino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 8-nrtro-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran, 6-nitro-2-(tetra- 
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20 |-5-yl)-4-oxo-4H-benzopyran, 8-nitro-6-chloro-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran and 8-nitro-6-bromo-2-(tetrazol- 
5_yl)-4-oxo-4H-benzopyran; and aryl group-containing tetrazole compounds such as (tetrazol-5-yl)benzene, 2-chloro- 
(tetrazol-5-yl)benzene, 3-chloro-(tetrazol-5-yl)benzene, 4-chloro-(tetrazoi-5-yl)benzene f 2-bromo-(tetrazol-5-yI)ben- 
zene, 3-bromo-(tetrazol-5-yl)benzene, 4-bromo-(tetrazof-5-yl)benzene, 2-fluoro-(tetrazol-5-yl)benzene, 3-fluoro-(tetra- 
zol-5-yl)benzene, 4-fluoro-(tetrazol-5-yl) benzene, 2-methyl-(tetrazol-5-yl)benzene, 3-methyl-(tetrazol-5-yl)benzene, 4- 
methyl-(tetrazol-5-yl)benzene t 2-ethyl-(tetrazol-5-yi)benzene, 3-ethyl-(tetrazol-5-yi)benzene, 4-ethyl-(tetrazol-5-yl)ben- 
zene, 2-propyl-(tetrazol-5-yl)benzene. 3-propyl-(tetrazol-5-yl)benzene, 4-propyl-(tetrazol-5-yl)benzene, 2-butyl-(tetrazol- 
5-yl)benzene, 3-butyl-(tetrazol-5-yi)benzene, 4-butyl-(tetrazol-5-yl)benzene, 2-octyl-(tetrazoi-5-yl)benzene, 3-octyl- 
(tetrazol-S-yl)benzene, 4-octyl-(tetrazol-5-yl)benzene, 2-pentadecyl-(tetrazol-5-yl)benzene, 3-pentadecyl-(tetrazol-5- 
yl)benzene, 4-pentadecyl-(tetrazol-5-yl)benzene. 2-benzyl-(tetrazol-5-yi)benzene, 3-benzyi-(tetrazol-5-yl)benzene, 4- 
benzyl-(tetrazol-5-yi)benzene, 2-phenethyl-(tetrazoi-5-yl)benzene, 3-phenethyl-(tetrazol-5-yl)benzene, 4-phenethyl- 
(tetrazol-5-yi)benzene, 2-(4-phenylbutyl)-(tetrazol-5-yl)benzene, 3-(4-phenyibutyl)-(tetrazol-5-yl)benzene, 4-(4-phenyl- 
butyl)-(tetrazol-5-yl)benzene, 2-(8-phenyioctyl)-(tetrazol-5-yl)benzene, 3-(8-phenyloctyl)-(tetrazo!-5-yl)benzene, 4-(8- 
phenyloctyl)-(tetrazol-5-yl)benzene, 2-(1 5-phenylpentadecyl)-(tetrazol-5-yl)benzene, 3-(1 5-phenyipentadecyl)-(tetra- 
zol-5-yi)benzene, 4-(1 5-phenylpentadecyl)-(tetrazol-5-yl)benzene, 2-methoxy-(tetrazoi-5-yl)benzene, 3-methoxy-(tetra- 
zol-5-yl)benzene, 4-methoxy-(tetrazol-5-yl)benzene, 2-ethoxy-(tetrazol-5-yi)benzene, 3-ethoxy-(tetrazol-5-yl)benzene, 

4- ethaxy-(tetrazol-5-yl)benzene, 2-propoxy-(tetrazoi-5-yl)benzene, 3-propoxy-(tetrazol-5-yi)benzene, 4-propoxy-(tetra- 
zoi-5-yl)benzene, 2-butoxy-(tetrazol-5-yl)benzene, 3-butoxy-(tetrazol-5-yI)benzene, 4-butoxy-(tetrazoi-5-yf)benzene, 2- 
octyloxy-(tetrazol-5-yi)benzene, 3-octyloxy-(tetrazol-5-yl)benzene, 4-octy(oxy-(tetrazol-5-yl)benzene, 2-pentadecyloxy- 
(tetrazol-5-y!)benzene, 3-pentadecyloxy-(tetrazol-5-yl)benzene, 4-pentadecyioxy-(tetrazol-5-y!)behzene, 2-benzyloxy- 
(tetrazol-S-yl)benzene, 3-benzyioxy-(tetrazol-5-yi)benzene, 4-benzyloxy-(tetrazol-5-yl)benzene, 2-phenethyloxy-(tetra- 
zol-5-yi)benzene, 3-phenethyloxy-(tetrazol-5-yI)benzene, 4-phenethyloxy-(tetrazol-5-yl)benzene, 2-(4-phenylbutoxy)- 
(tetrazol-5-yI)benzene, 3-(4-phenyibutoxy)-(tetrazol-5-yl)benzene, 4-(4-pheny[butaxy)-(tetrazol-5-yl)benzene, 2-(8-phe- 
nyloctyloxy)-(tetrazol-5-yl)benzene. 3-(8-phenylotfyioxy)-(tetrazol-5-yl)benzene, 4-(8-phenyloctyloxy)-(tetrazol-5- 
yl)benzene ( 2-(1 5-phenylpentadecyloxy)-(tetrazol-5-yi)benzene, 3-(1 5-phenylpentadecyloxy)-(tetrazol-5-yl)benzene t 4- 
(1 5-phenylperrtadecyloxy)-(tetrazol-5-yl)benzene, 2-(1 -phenyl)ethoxy-(tetrazol-5-yl)benzene, 3-(1 -phenyl) ethoxy-(tetra- 
zol-5-yl)benzene, 4-(1 -phenyl)ethoxy-(tetrazoi-5-yl)benzene, 2-(tetrazol-5-yl)-1 , 1 '-biphenyl, 2-(tetrazol-5-yi)-4'-methyl- 
1,r-biphenyl, 2-(tetrazol-5-yi)-4'-ethyl-1 ( 1'-biphenyl, 2-(tetrazol-5-yl)-4'-propyl-1,r-biphenyl, 2-(tetrazol-5-yl)-4'-butyl- 
1 ! 1 '-biphenyl, 2-(tetrazol-5-yl)-4'-octyl-1 , 1 '-biphenyl, 2-(tetrazol-5-yl)-4 , -decyl-1 , 1 '-biphenyl, 2-(tetrazol-5-yl)-4'- 
hydroxymethyl-1 ,1 '-biphenyl, 2-(tetrazol-5-yl)-4'-(2-hydroxy)ethyl-1 , 1 '-biphenyl, 2-(tetrazol-5-yl)-4'-(3-hydroxy)propyl- 
1 r 1 '-biphenyl, 2-(tetrazol-5-yl)-4'-(4-hydroxy)butyl-1 ,1'-biphenyl f 2-(tetrazol-5-yl)-4'-(8-hydroxy)octyM , r-biphenyl, 2- 
(tetrazol-5-yl)-4'-methoxymethyl-1,1 '-biphenyl, 2-(tetrazol-5-yl)-4'-(2-methoxy)ethyl-1 ? r-biphenyl, 2-(tetrazo!-5-yl)-4'-(3- 
methoxy)propyl-1, r-biphenyl, 2-(tetrazol-5-yi)-4'-(4-methoxy)butyl- 1,1 '-biphenyl, 2-(tetrazol-5-yl)-4'-(8-methoxy)octyl- 
1,1 '-biphenyl, 2-(tetrazol-5-yl)-4'-benzyloxymethyl-1,r-biphenyl, 2-(tetrazol-5-yl)-4 , -(2-benzyloxy)ethyl-1 , r-biphenyl, 2- 
(tetrazol-5-yi)-4'-(3-benzyloxy)propyl-1 , 1 '-biphenyl, 2-(tetrazol-5-yl)-4'-(4-benzyloxy)butyl-1 , 1 '-biphenyl, 2-(tetrazol-5- 
yl)-4'-(8-benzyloxy)octyl-1 , r-biphenyl, 2-(tetrazol-5-yi)-4'-[2-(4-methoxybenzyloxy)ethyl]-1 ,r-biphenyl ? 2-(tetrazol-5-yl)- 
4'-[3-(4-methoxybenzyloxy)propyl]-1 .r-biphenyi, 2-{tetrazol-5-yl)-4 , -[4-(4-methoxybenzyloxy)butyl]-1 .1 '-biphenyl, 2- 
(tetrazol-5-yl)-4'-[8-(4-methoxybenzyloxy)octyl]-1 , 1 '-biphenyl, 2-(tetrazol-5-yi)-4'-aminomethyl-1, r-biphenyl, 2-(tetrazol- 

5- yl)-4'-(2-amino)ethyl-1 ,1 '-biphenyl, 2-(tetrazol-5-yl)-4'-(3-amino)propyl-1 .1 '-biphenyl, 2-(tetrazol-5-yl)-4'-(4- 
amino)butyl-1 , 1 '-biphenyl, 2-(tetrazol-5-yl)-4'-(8-amino)octyl-1 , 1 '-biphenyl, 2-(tetrazol-5-yl)-4 , -(N-mesyiamino)methyl- 
1 , 1 '-biphenyl, 2-(tetrazol-5-yl)-4*-(2-mesy!amino)ethyl-1 , 1 '-biphenyl, 2-(tetrazol-5-yi)-4'-(3-mesylamino)propyl-1 , 1 *- 
biphenyl , 2-(tetrazol-5-yl)-4'-(4-mesylamino)butyl- 1 , 1 '-biphenyl , 2-(tetrazol-5-yl) -4'-(8-mesylamino)octyl- 1 , 1 '-biphenyl , 
2-(tetrazol-5-yl)-4*(benzyloxycarbonylamino)methyl-1 , 1 '-biphenyl, 2-(tetrazol-5-yl)-4*-(2-benzyloxycarbonylamino)ethyl- 
1,1 '-biphenyl, 2-(tetrazol-5-yl)-4'-(3-benzyloxycarbonylamino)propyl-1,r-biphenyl, 2-(tetrazol-5-yl)-4'-(4-benzyloxycarb- 
onylamino)butyl-1 ,1 '-biphenyl, 2-(tetrazol-5-yl)-4'-(8-benzyloxycarbonylamino)octyl-1 ,1 '-biphenyl, 2-(tetrazol-5-yl)-4'- 
(tertiary-butoxycarbonylamino)methyl-l , 1 '-biphenyl, 2-(tetrazol-5-yl)-4 , -(2-tertiary-butoxycarbonylami no) ethyl -1 , 1 '- 
biphenyl, 2-(tetrazol-5-yl)-4'-(3-tertiary-butQxycarbonylamino)propyl-1 ,1 '-biphenyl, 2-(tetrazol-5-yl)-4*-(4-tertiary-butoxy- 
carbonylamino)butyM ,1 '-biphenyl, 2-(tetrazol-5-yl)-4*-(8-tertiary-butoxycarbonylamino)octyl-1 , 1 '-biphenyl, 2-(tetrazol- 
5-yi)-4'-chloromethyl-1 , r-biphenyl, 2-(tetrazol-5-yl)-4'-bromomethyl-1 ,1 -biphenyl, 2-(tetrazol-5-yl)-4 , -(2-bromo) ethyl - 
1 ,1 '-biphenyl, 2-(tetrazol-5-yl)-4'-(3-bromo)propyl-1 ,1 '-biphenyl, 2-(tetrazol-5-yl)-4'-(4-bromo)butyl-1 ,1 -biphenyl, 2- 
(tetrazol-5-yl)-4'-(8-bromo)octyl-1, r-biphenyl, 2-(tetrazol-5-y I) -4'-dichioromethy 1-1, r-biphenyl, 2-(tetrazol-5-yl)-4'- 
trichloromethyl-1 , 1 '-biphenyl, 2-(tetrazol-5-yl)-4'-dibromomethyl-1 , 1 '-biphenyl, 2-(tetrazol-5-yl)-4'-tribromomethyl-1 , 1 '- 
biphenyl, 2-(tetrazol-5-yl)-4'-methoxy-1 ,1 '-biphenyl, 2-(tetrazol-5-yi)-4'-ethoxy-1 , r-biphenyl, 2-(tetrazol-5-yl)-4*-pro- 
poxy-1, r-biphenyl, 2-(tetrazol-5-yl)-4 , -butoxy-1, r-biphenyl, 2-(tetrazol-5-yl)-4'-chloromethoxy-1 l r-biphenyl and 2- 
(tetrazol-5-yl)-4*-(2-chloro)ethoxy-1 , 1 '-biphenyl. 

The tetrazole compound (1) can also be produced by reacting nitriie (2) with hydrogen sulfide, followed by reaction 
with alkyl halide (4), with hydrazine or a salt thereof, and then with nitrous acid compound (3). 
The reaction of nitriie (2) with hydrogen sulfide can be effected as follows. 

The reaction of nitriie (2) with hydrogen sulfide makes rt possible to obtain a thioamide of general formula (7): 
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R1C(=S)NH 2 (7) 

wherein W is as defined above, which corresponds to amide (5) where R5 is a sulfur atom and R6 is an NH 2 group as 
the production intermediate of the present invention. 

5 The amount of hydrogen sulfide to be used is usually from 1 to 100 moles, preferably from 1 to 50 moles, and more 

preferably 1 to 10 moles, relative to nitrile (2). The above reaction may be effected with the addition of a base as a 
catalyst typical examples of which are alkylamines such as triethylamine, tributylamine and dimethyiamine. The amount 
thereof is usually from 1 to 20 moles, relative to nitrile (2). 

The above reaction is usually effected in the presence of an organic solvent. As the solvent to be used, there can 

10 be mentioned hydrocarbons such as benzene, toluene and hexane; halogenated hydrocarbons such as dichlorometh- 
ane, dichloroethane and chlorobenzene; nitrated hydrocarbons such as nitrobenzene and nitromethane; ethers such as 
diethyl ether and tetrahydrofuran; amides such as dimethyiformamide; and alcohols such as methanol and ethanol. 
These can be used alone or as a mixture of two or more kinds of solvents. The amount of solvent to be used, although 
it can be appropriately determined, is usually from 1 to 100 times as much as the weight of nitrile (2). 

is The method and order for the addition of nitrile (2), hydrogen sulfide (and a base) and a solvent are not particularly 
limited, and usually, hydrogen sulfide may be added to a mixture of nitrile (2), a base and a solvent. 

The reaction temperature is usually from -78° to +150°C, preferably from -50° to +100°C. The completion of the 
reaction can be monitored by an analytical method such as liquid chromatography Usually, the disappearance of the 
nitrile can be considered as the end point of the reaction. 

20 After completion of the reaction, thioamide (7) can be isolated, for example, by an ordinary procedure such as 
extraction or filtration, or can also be used in the next step without isolation. 

As the thioamide (7) thus obtained, there can be mentioned, for example, 4-oxo-4H-benzopyranyl group-containing 
thioamides such as 5-hydroxy-2-thibcarbamoyl-4-oxo-4H-benzopyran, 7-hydroxy-2-thiocarbamoyl-4-oxo-4H-benzo- 
pyran, 5,7-dihydroxy-2-thiocarbamoyl-4-oxo-4H-benzopyran t 5-methoxy-2-thiocarbamoyl-4-oxo-4H-benzopyran, 5- 

25 ethoxy~2-thiocarbamoyl-4-axo-4H-benzopyran, 5-butoxy-2-thiocarbamoyl-4-oxo-4H-benzopyran, 5-p entoxy- 2-th i oca r- 
bamoyl-4-oxo-4H-benzopyran f 6-chloro-2-thiocarbamoyl-4-oxo-4H-benzopyran, 2-thiocarbamqyl-4-oxo-4H-benzo- 
pyran, 8-acetylamino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 6-acetylamino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 8- 
propionylamino-2-thiocarfoamoyl-4-oxo-4H-benzopyran, 6-propionylamino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 8- 
nonanoylamino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 6-nonanoylamino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 8- 

30 hexadecanoylamino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 6-hexadecanoylamino-2-thiocarbamoyl-4-oxo-4H-benzo- 
pyran, 8-benzoylamino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 6-benzoylamino-2-thiocarbamoyl-4-oxo-4H-benzo- 
pyran, 8-(3-phenylpropionyl)amino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 6-(3-propionyi)amino-2-thiocarbamoyl-4- 
oxo-4H-benzopyran, 8-(9-phenylnonanoyl)amino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 6-(9-phenylnonanoyl)amino- 
2-thiocarbamoyl-4-cxo-4H-benzopyran, 8-(16-phenyihexadecanoyl)amino-2-thiocarbamoyl-4-oxo-4H-benzopyran ? 6- 

35 (l6-phenylhexadecanoyl)amino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 8-(4-methoxybenzoyl)amino-2-thiocarbamoyl- 
4-cKO^H-benzopyran t 6-(4-methoxybenzoy0am 8-(4-ethoxybenzoyl)amino- 

2- thiocarbamoyl-4-axo-4H-benzopyran, 6-(4-ethoxybenzoy0amino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 8-(4-pro- 
poxybenzoy0amino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 6-(4-propoxybenzoyl)amino-2-thiocarbamoyl-4-oxo-4H- 
benzopyran, 8-(4-butoxybenzoyl)amino-2-thiocarbamoyl-4-oxo-4mDenzopyran, 6-(4-butoxybenzoyl)amino-2-thiocar- 

40 bamoyl-4-oxo-4H-benzopyran, 8-[4-(1 , 1 -dimethylmethoxy)benzoyQamino-2-thiocarbamoyl-4-oxo-4H-benzopyran t 6-[4- 
(1,1 -dimethylmethoxy)benzoyl]amino-2-thiocarbamoyl-4-oxo-4H-benzopyran f 8-[4-(1 ,1,1 -trimethylmethoxy)benzoyl]- 
amino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 6-[4-(1 ,1,1 -trimethylmethoxy)benzoyQamino-2-thiocarbamoyl-4-oxo-4H- 
benzopyran, 8-(4-octyloxybenzoyl)amino-2-thiocarbamoyl-4-oxo-4H-benzopyran , 6-(4-octyloxybenzoyl)amino-2-thio- 
carbamoyl-4-oxo-4H-benzopyran, 8-(4-pentadecyloxybenzoyl)amino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 6-(4-pen- 

45 tadecyloxybenzoyl)amino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 8-[4-(3-phenylbutoxy)benzoyl]amino-2-thiocarba- 
moyl-4-oxo-4H-benzopyran , 6-[4-(3-phenylbutoxy)benzoyQamino-2-thiocarbamoyl-4-oxo-4H-benzopyran 8-[4-(4-phe- 
nylbutoxy)benzoyl]amino-2-thiocarbamoyl-4-oxo-4H-benzopyran, 6-[4-(4-phenyibutoxy)benzoyl]amino-2-thiocar- 
bamoyl-4-oxo-4H-benzopyran, S-^^S^henyloctyloxyJbenzoyOamino^-thiocaitoamoyM-oxo^H-benzopyran, 6-[4-(8- 
phenyloctyloxy)benzoyl]amino-2-thiocarbamoyl-4-oxo-4H-benzopyran l 8-nitro-2-thiocarbamoyl-4-axo-4H-benzopyran, 

so 6-nitro-2-thiocarbamoyl-4-oxo-4H-benzopyran, 8-nitro-6-chloro-2-thiocarbamoyl-4-oxo-4H-benzopyran and 8-nitro-6- 
bromo-2-thiocarbamoyl-4-oxo-4H-benzopyran; and aryl group-containing thioamides such as thiobenzamide, 2-chlo- 
rothiobenzamide, 3-chlorothiobenzamide, 4-chlorothiobenzamide, 2-bromothiobenzamide, 3-bromothiobenzamide, 4- 
bromothiobenzamide, 2-fluorothiobenzamide, 3-fluorothiobenzamide, 4-fluorothiobenzamide, 2-methyithiobenzamide, 

3- methylthiobenzamide, 4-methylthiobenzamide, 2-ethylthiobenzamide t 3-ethylthiobenzamide, 4-ethylthiobenzamide, 
55 2-propylthiobenzamide, 3-propytthiobenzamide, 4-propylthiobenzamide, 2-butylthiobenzamide, 3-butylthiobenzamide, 

4- butylthiobenzamide, 2-octylthiobenzamide, 3-octylthlobenzamide, 4-octylthiobenzamide, 2-pentadecylthiobenza- 
mide, 3-pentadecylthiobenzamide, 4-pentadecylthiobenzamide, 2-benzylthiobenzamide, 3-benzylthiobenzamide, 4- 
benzylthiobenzamide, 2-phenethylthiobenzamide, 3-phenethylthiobenzamide, 4-phenethylthiobenzamide, 2-(4-phenyl- 
butyl)thiobenzamide, 3-(4-phenylbutyl)thiobenzamide, 4-(4-phenylbutyl)thiobenzamide, 2-(8-phenyloctyl)thiobenza- 



11 



BNSDOCID: <EP 0711762A1 l> 



EP0 711 762 A1 



mide, 3-(8-phenyloctyl)thiobenzamide, 4-(8-phenyloctyl)thiobenzamide, 2-(15-phenylpentadecyl)thiobenzamide, 3-(15- 
phenylpentadecyl)thiobenzamide, 4-(1 5-phenylpentadecyl)thiobenzamide. 2-methoxythlobenzamide, 3-methoxythio- 
benzamide, 4-methoxythiobenzamide, 2-ethoxythiobenzamide ( 3-ethoxythiobenzamide, 4-ethoxythiobenzamide, 2-pro- 
poxythiobenzamide, 3-propoxythiobenzamide, 4-propoxythiobenzamide, 2-butoxythiobenzamide, 3-butoxythiobenza- 
mide, 4-butoxythiobenzamide, 2-octyloxythiobenzamide, 3-octyloxythiobenzamide ( 4-octyloxythiobenzamide, 2- 
pentadecyloxythiobenzamide, 3-pentadecyloxythiobenzamide, 4-pentadecyioxythlobenzamide, 2-benzyloxythiobenza- 
mide, 3-benzyloxythiobenzamide, 4-benzyloxythiobenzamide, 2-phenethyloxythiobenzamide, 3-phenethyloxythioben- 
zamide, 4-phenethyloxythiobenzamide, 2-(4-phenyIbutoxy)thiobenzamide, 3-(4-phenylbutoxy)thiobenzamide, 4-(4- 
phenylbutoxy)thiobenzamide, 2-(8-phenyloctyloxy)thiobenzamide ( 3-(8-phenyloctyloxy)thiobenzamide, 4-(8-phenyloc- 
tyloxy)thiobenzamide, 2-(15-phenylpentadecyloxy)thiobenzamide, 3-(15-phenyiperrtadecyloxy)thiobenzamide, 4-(1 5- 
phenylpentadecyloxy)thiobenzamide, 2-(1-phenyl)ethoxythiobenzamide, 3-(1 -phenyl) ethoxythiobenzamide, 4-(1 -phe- 
nyl)ethoxythiobenzamide, 2-thiocarbamoyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-methyl- 1 , 1 '-biphenyl, 2-thiocarbamoyl-4'- 
ethyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-propyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-butyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4*- 
octyf-1.,1 -biphenyl, 2-thiocarbamoyl-4'-decyl-1 t 1 , -biphenyl, 2-thiocarbamoyl-4 t -hydroxymethyl-1,1 , -biphenyl, 2-thiocar- 
bamoyl-4 , -(2-hydroxy)ethyi-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-(3-hydroxy)propyl-1 , 1 -biphenyl, 2-thiocarbamoyl-4'-(4- 
hydroxy)butyl-1 ,1 -biphenyl, 2-thiocarbamoyl-4-(8-hydroxy)octyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-methoxymethyl-1 , 1 
biphenyl, 2-thiocarbamoyl-4'-(2-methoxy)ethyl- 1 , 1 '-biphenyl, 2-thiocarbamoyl-4*-(3-methoxy)propyl- 1 , 1 '-biphenyl, 2-thi- 
ocarbamoyl-4'-(4-methoxy)butyl-1 ,1 '-biphenyl, 2-thiocarbamoyl-4 , -(8-methoxy)octyl-1 , 1 -biphenyl, 2-thiocarbamoyl-4'- 
benzyloxymethyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-(2-benzyloxy)ethyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-(3-benzy- 
loxy)propyl-1 ,1 -biphenyl, 2-thiocarbamoyl-4'-(4-benzyloxy)butyI-1 ,1 '-biphenyl, 2-thiocarbamoyi-4'-(8-benzyloxy)octyl- 
1,1 '-biphenyl, 2-thiocarbamoyl-4'-[2-(4-methQxybenzyioxy) ethyl]- 1,1 '-biphenyl, 2-thiocarbamoyi-4'-[3-(4-methoxybenzy- 
loxy)propyl]-1 , 1 '-biphenyl, 2-thiocarbamoyl-4 -[4-(4-methoxybenzyloxy)butyl]-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-[8-(4- 
methaxybenzyloxy)octyl]-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-aminomethyi-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-(2-amino)- 
ethyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-(3-amino)propyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-(4-amino)butyl-1 , 1 '-biphenyl, 
2-thiocarbamoyi-4'-(8-amino)octyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-(N-mesylamino)methyl-1 , 1 '-biphenyl, 2-thiocar- 
bamoyl-4'-(2-mesylamino)ethyl-1,1'-biphe 2-thiocarbamoyl- 
4*-(4-mesylamino)butyl-1 ,1 '-biphenyl, 2-thiocartoamoyl-4'-(8-mesylamino)octyl-1 ,1 '-biphenyl, 2-thiocarbamoyl-4'-(ben- 
zyloxycarbonylamino)methyl-1 ,1 '-biphenyl, 2-thiocarbamoyl-4'-(2-benzyloxycarbonylamino)ethyl-1 ,1 '-biphenyl, 2-thio- 
carbamoyl-4'-(3-benzyloxycarbonylamino)propyl-1.1 '-biphenyl, 2-thiocarbamoyl-4'-(4-benzyloxycart3onylamino)butyl- 
1 ,1 '-biphenyl, 2-thiocarbamoyl-4'-(8-benzyloxycarbonylamino)octyl-1 ,1 '-biphenyl, 2-thiocarbamoyl-4'-(tertiary-butoxy- 
carbonylaminojmethyl-l.r-biphenyl, 2-thioc»rbamoyl-4 , -(2-tertiarybiJtoxycarbonylamino)ethyl-1,1 '-biphenyl, 2-thiocar- 
bamoyl-4'-(3-tertiary-butoxycarbonylamino)propyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-(4-tertiary-butoxycarbonylamino)- 
butyl-1 ,1 '-biphenyl, 2-thiocarbamoyl-4'-(8-tertiary-butoxycarbonylamino)octyl-1 ,1 '-biphenyl, 2-thiocarbamoyl-4'-chlo- 
romethyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4 f -bromomethyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-(2-bromo)ethyi-1 , 1 '-biphe- 
nyl, 2-thiocarbamoyl-4 , -(3-bromo)propyM , 1 '-biphenyl, 2-thiocarbamoyl-4'-(4-bromo)butyl-1 , 1 '-biphenyl, 2-thiocar- 
bamoyl-4'-(8-bromo)octyl-1 ,1 '-biphenyl, 2-thiocarbamoyl-4'-dichloromethyl-1 ,1 '-biphenyl, 2-thiocarbamoyl-4'-trichlo- 
romethyl-1 , 1 '-biphenyl, 2-thiocarbamoyl-4'-dibromomethyl-1 1 1 '-biphenyl, 2-thiocarbamoyl-4'-tribromomethyl-1 , 1 '-biphe- 
nyl, 2-thiocarbamoyi-4 f -methoxy-1 ,1 '-biphenyl, 2-thiocarbamoyl-4'-ethoxy-1 ,1'-biphenyl, 2-thiocarbamoyl-4'-propoxy- 
1,1 '-biphenyl, 2-thiocarbamoyl-4-butQxy-1,1'-biphenyl, 2-thiocarbamoyl-4'-chloromethoxy-1,1 '-biphenyl and 2-thiocar- 
bamoyl-4'-(2-chloro)ethoxy-1 ,1 '-biphenyl. 

The reaction of thioamide (7) with alkyl halide (4) can be effected as follows. 

The reaction of thioamide (7) with alkyl halide (4) makes it possible to obtain a hydrogen halide salt of an isothioamide 
of general formula 8: 

R1(=NH)SR4 (8) 

wherein R 1 and R* are as defined above, which corresponds to amide (5) where R 5 is an NH group and R6 is an SR 4 
group as the production intermediate of the present invention. 

As the alkyl halide (4) to be used, there can be mentioned, for example, C r C2o. preferably C r C 10 , and more pref- 
erably CrC 5f alkyl halides such as methyl iodide, ethyl iodide, butyl iodide, butyl bromide, pentyl bromide and pentyl 
iodide. The amount thereof may be usually 1 mole or more, preferably from about 1 to about 5 moles, relative to thioamide 
(7). 

The above reaction is usually effected in an organic solvent. As such a solvent, there can be mentioned, for example, 
hydrocarbons such as benzene, toluene and hexane; halogenated hydrocarbons such as dichloromethane, dichlo- 
roethane and chlorobenzene; nitrated hydrocarbons such as nitrobenzene and nitromethane; ethers such as diethyl 
ether and tetrahydrofuran; amides such as dimethylformamide; alcohols such as methanol and ethanol; and ketones 
such as acetone, methyl ethyl ketone and methyl isobutyl ketone. These can be used alone or as a mixture of two or 
more kinds of solvents. The amount of solvent to be used can be appropriately determined. 
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The method and order for the addition of thioamide (7), alkyl halide (4) and a solvent are not particularly limited, 
and usually, alkyl halide (4) may be added to a mixture of thioamide (7) and a solvent 

The reaction temperature is usually from -78° to +150°C. preferably from -50° to +100°C. The completion of the 
reaction can be monitored by an analytical method such as liquid chromatography. Usually, the disappearance of thio- 

5 amide (7) can be considered as the end point of the reaction. 

After completion of the reaction, a hydrogen halide salt of isothioamide (8) can be isolated, for example, by an 
ordinary procedure such as extraction or filtration, or can also be used in the next step without isolation. 

As the hydrogen halide salt of isothioamide (8) thus obtained, there can be mentioned, for example, 4-oxo-4H- 
benzopyranyl group-containing isothioamides such as 5-hydroxy-2-(S-methyl)isothiocart)amoyl-4-Qxo-4H-benzopyran, 

10 7-hydroxy-2-(S-methyl)isothiocarbamoyl-4-oxo-4H4Denzopyran, 5 l 7-dihydroxy-2-(S-methyl)isothiocarbamoyl-4-oxo-4H- 
benzopyran, 5-methoxy-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 5-ethoxy-2-(S-methyl)isothiocarbamoyl- 
4-oxo-4H-benzopyran, 5-butoxy-2-{S-methyl)isothiocarbamoyI-4-oxo-4H-benzopyran, 5-pentoxy-2-(S-methyi)isothio- 
carbamoyi-4-oxo-4H-benzopyran, 6-chloro-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 2-(S-methyl)isothio- 
carbamoyl-4-oxo-4H-benzopyran, 8-acetylamino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 6-acetylamino- 

is 2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 8-propionylamino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benz- 
opyran, 6-propionylamino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 8-nonanoylamino-2-(S-methyl)isothio- 
carbamoyi-4-oxo-4H-benzopyran, 6-nonanoylamino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 8- 
hexadecanoylamino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 6-hexadecanoylamino-2-(S-methyl)isothio- 
carbamoyl-4-oxo-4H-benzopyran, 8-benzoylamino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 6-ben- 

•20 zoylamino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 8-(3-phenytpropionyl)amino-2-(S-methyl)isothio- 
carbamoyl-4-oxo-4H-benzopyran,6-(3-propionyi)amino-2-(S-methyl)isothiocait>amoyl-4-oxo-4H-ben 8-(9-phe- 
nylnonanoylJamino-a-CS-methylJisothiocarbamoyl^-oxo^H-benzopyran, 6-(9-phenylnonanoyl)amino-2-(S-methyl)iso- 
thiocarbamoyl-4-oxo-4H-benzopyran t 8-(16-phenylhexadecanoyl)amino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H- 
benzopyran, 6-(16-phenylhexadecanoyl)amino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 8-(4-methoxyben- 

25 zoy0amino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 6-(4-methoxybenzoyl)amino-2-(S-methyl)isothiocar- 
bamoyi-4-oxo-4H-benzopyran, 8-(4-ethoxybenzoyl)amino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 6-(4- 
ethox^enzoyl)amino-2-(S-methyl)isothiocarbamoyi-4-oxo-4H-benzopyran r 8-(4-propoxybenzoyl)amino-2-(S-methyl)- 
isothiocarbamoyl-4-oxo-4H-benzopyran, 6-(4-propoxybehzoyl)amino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzo- 
pyran, 8-(44Dutoxybenzoyl)amino-2-(S-methyl)isothiocait>amoyl-4-oxo-4H-benzopyran, 6-(4-butoxybenzoyl)amino-2- 

30 (S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran 1 8-[4-(1 , 1 -dimethylmethoxy)benzoyl]amino-2-(S-methyl)isothiocar- 
bamoyl-4-oxo-4H-benzopyran, 6-[4-(1 , 1 -dimethylmethoxy)benzoyl]amino-2-(S-methyl)isothiocart3amoyi-4-oxo-4H-ben- 
zopyran, 8-[4-(1 ,1,1 -trimethylmethoxy)benzoyl]amino-2-(S-methyl)isothiocarbamoyI-4-oxo-4H-benzopyran, 6-[4-(1 ,1,1- 
trimethylmethoxy)benzoyl]amino-2-(S-methy^^ 8-(4-octyioxybenzoyl)amino-2- 
(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 6-(4-octyloxybenzoyl)amino-2-(S-methyl)isothiocarbamoyl-4-oxo- 

35 4H-benzopyran, 8<4-pentadecyloxybenzoyl)amino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 6-(4-pentade- 
cyloxybenzoy0amino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 8-[4-(3iDhenylbutoxy)benzoyi]amino-2-(S- 
methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 6-[4-(3-phenylbutoxy)benzoyl]amino-2-(S-methyl)isothiocarbamoyl-4- 
oxo-4H-benzopyran, 844K4i5henylbutoxy)benzoyl]amino-2-(S-methyl)isothiocarbamoyl-4^xo-4H-benzopyran, 6-[4-(4- 
phenylbutoxy)benzoyi]amino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H^enzopyran, 8-[4-(8-phenyloctyloxy)ben- 

■40 zoyl]amino-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 6-[4-(8-phenyloctyloxy)benzoyl]amino-2-(S- 
methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 8-nitro-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 6-nitro-2- 
(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran, 8-nitro-6-chloro-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzo- 
pyran and 8-nitro-6-bromo-2-(S-methyl)isothiocarbamoyl-4-oxo-4H-benzopyran; and aryl group-containing isothioam- 
ides such as (S-methyl)isothiobenzamide, 2-chloro-(S-methyl)isothiobenzamide, 3-chloro-(S-methyl)isothiobenzamide, 

45 4-chloro-(S-methyl)isothiobenzamide, 2-bromo-(S-methyl)isothiobenzamide, 3-bromo-(S-methyl)isothiobenzamide, 4- 
bromo-(S-methyl)isothiobenzamide, 2-fluoro-(S-methyl)isothiobenzamide. 3-fluoro-(S-methyl)isothiobenzamide, 4- 
fluoro-(S-methyl)isothiobenzamide, 2-methyl-(S-methyl)isothiobenzamide, 3-methyl-(S-methyl)isothiobenzamide, 4- 
methyl-(S-methyl)isothiobenzamide, 2-ethyl-(S-methyl)isothiobenzamide, 3-ethyl-(S-methyl)isothiobenzamide, 4-ethyl- 
(S-methyl)isothiobenzamide, 2-propyl-(S-methyl)isothiobenzamide, 3-propyl-(S-methyl)isothiobenzamide, 4-propyl-(S- 

so methyi)isothiobenzamide, 2-butyl-(S-methyl)isothiobenzamide, 3-butyl-(S-methyl)isothiobenzamide, 4-butyi-(S- 
methyl)isothiobenzamide, 2-octyl-(S-methyl)isothiobenzamide, 3-octyl-(S-methyl)isothiobenzamide, 4-octyl-(S- 
methyl)isothiobenzamide, 2-pentadecyl-(S-methyl)isothiobenzamide, 3-pentadecyl-(S-methyl)isothiobenzamide, 4- 
pentadecyl-(S-methyl)isothiobenzamide, 2-benzyl-(S-methyl)isothiobenzamide, 3-benzyl-(S-methyl)isothiobenzamide, 
4-benzyl-(S-methyl)isothiobenzamide, 2-phenethyl-(S-methyl)isothiobenzamide, 3-phenethyi-(S-methyl)isothiobenza- 

55 mide, 4-phenethyl-(S-methyl)isothiobenzamide, 2-(4-phenylbutyl)-(S-methyl)isothiobenzamide t 3-(4-phenylbutyl)-(S- 
methyl)isothiobenzamide, 4-(4-phenylbutyl)-(S-methyi)isothiobenzamide, 2-(8-phenyloctyl)-(S-methyl)isothiobenza- 
mide, 3-(8-phenyloctyl)-(S-methyl)isothiobenzamide, 4-(8iDhenyloctyl)-(S-methyl)isothiobenzamide t 2-(1 5-phenylpen- 
tadecyl)-(S-methyl)isothiobenzamide, 3-(1 5-phenylpentadecyl)-(S-methyI)isothiobenzamide, 4-(1 5-phenylpentadecyl)- 
(S-methyl)isothiobenzamide, 2-methoxy-(S-methyl)isothiobenzamide, 3-methoxy-(S-methyl)isothiobenzamide, 4-meth- 
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oxy-(S-methyi)isothiobenzamide, 2-ethoxy-(S-methyl)isothiobenzamide, 3-ethoxy-(S-methyl)isothiobenzamide, 4- 
ethoxy-(S-methyl)isothiobenzamide, 2-propoxy-(S-methyl)isothiobenzamide, 3-propoxy-(S-methyl)isothiobenzamide, 
4-propoxy-(S-methyl)isothiobenzamide, 2-butoxy-(S-methyl)isothiobenzarnide t 3-butoxy-(S-methyl)isothiobenzamide, 
4-butoxy-(S-methyl)isothiobenzamide, 2-octyloxy-(S-methyl)isothiobenzamide, 3-octyloxy-(S-methyl)isothiobenzamide t 
4-octyloxy-(S-methyi)isothiobenzamide, 2-pentadecyloxy-(S-methyl)isothiobenzamide, 3-pentadecyioxy-(S-methyl)iso- 
thiobenzamide, 4-pentadecyloxy-(S-methyl)isothiobenzamide, 2-benzyloxy-(S-methyl)isothiobenzamide ( 3-benzyloxy- 
(S-methyl)isothiobenzamide, 4-benzyloxy-(S-methyl)isothiobenzamide, 2-phenethyloxy-(S-methyl)isothiobenzamide f 3- 
phenethyl-(S-methyl)isothiobenzamide, 4-phenethyloxy-(S-methyl)isothiobenzamide, 2-(4-phenylbutoxy)-(S-methyl)- 
isothiobenzamide, 3-(4-phenylbutoxy)-(S-methyl)isothiobenzamide t 4-(4-phenylbLrtoxy)-(S-methyl)isothiobenzamide, 2- 
(8-phenyloctyloxy)-(S-methyl)isothiobenzamide, 3-(8-phenyioctyloxy)-(S-methyl)isothiobenzamide, 4-(8-phenylocty- 
loxy)-(S-methy!)isothiobenzamide, 2-(1 5-phenylpentadecyloxy)-(S- methyl) isothiobenzamide, 3-(1 5-phenylpentadecy- 
lQxy)-(S-methyl)isothiobenzamide ? 4-(1 5-phenylpentadecyloxy)-(S-methyl)isothiobenzamide, 2-(1 -phenyl)ethoxy-(S- 
methyl)isothiobenzamide, 3-(1 -phenyi)ethoxy-(S-methyl)isothiobenzamide 4-(1 -phenyl) ethoxy-(S-methyl)isothiobenza- 
mide, 2-(S-methyl)isothiocarbamoyl-1,r-biphenyl f 2-(S-methyl)isothiocarbamoyl-4 , -methyl-1,1 , -biphenyl I 2-(S- 
methyl)isothiocarbamoyl-4*-ethyl-1 , V-biphenyl, 2-(S-methyI)isothiocarbamoyl-4 , -propyl-1 . 1 '-biphenyl, 2-(S-methyI)iso- 
thiocarbamoyl-4'-butyl-1 , 1 '-biphenyl. 2-(S-methyl)isothiocaroamoyl-4*-octyl-1 , 1 '-biphenyl, 2-(S-methyl)isothiocar- 
bamoyl-4'-decyl-1 , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-hydrQxymethyl- 1 , 1 '-biphenyl, 2-(S-methyl)isothio- 
carbamoyl-4'-(2-hydrcxy)ethyl-1 ,1 '-biphenyl, 2-(S-methyl)isothiocarbamoyi-4'-(3-hydroxy)propyl 1 , 1 '-biphenyl, 2-(S- 
methyl)isothiocarbamoyl-4'-(4-hydroxy)butyl-1 , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4 , -(8-hydroxy)octyl-1 , 1 '- 
biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-methoxymethyl-1 ,1-biphenyi, 2-(S-methyl)isothiocarbamoyi-4'-(2-meth- 
oxy)ethyM , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-(3-methoxy)propyl-1 , 1 '-biphenyl, 2-(S-methyl)isothiocar- 
bamoyi-4'-(4-methoxy)butyl-1 ,1 -biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-(8-methoxy)octyl-1 ,1 '-biphenyl, 2-(S- 
methyOisothiocarbamoyl-^-benzyloxymethyl- 1,1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4 , -(2-benzyioxy)ethyl-1 t 1'- 
biphenyl, 2-(S-methyl)isc^iocarbamoyl-4'-(3-benzyloxy)propyl-1 ,1 tiiphenyl 2-(S-methyl)isothiocarbamoyl-4'-(4-benzy- 
loxy)butyl-1,1 '-biphenyl, 2-(S-meth>i)isothiocarbamoyl-4 , -(8-benzylaxy)octyl-1 l 1 , -biphenyl, 2-(S-methyl)isothiocar- 
bamoyl-4'-[2-(4-methoxybenzyloxy)ethyl]-1 , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4 , -[3-(4-methoxybenzyloxy)- 
propyl]-1 ,1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-[4-(4-methoxybenzyloxy)butyl]-1 ,1 '-biphenyl, 2-(S-methyl)isothi- 
ocarbamoyl-4'-[8-(4-methoxybenzyloxy)octyI]-l ,1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-aminomethyl-1 .r-biphe- 
nyl, 2-(S-methyl)isothiocarbamoyl-4'-(2-amino)ethyl-1 , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-(3-amino)propyl- 
1 , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-(4-amino)butyl-1 , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-(8- 
amirio)octyi-1 ,1'-biphenyl f 2-(S-methyl)isothiocarbamoyl-4'-(N-mesylarnino)methyl-1 J'-biphenyl, 2-(S-methyl)isothio- 
carbamoyl-4'-(2-mesyiamino)ethyl-1,1'-biphenyl, 2-(S-methyl)isothiocait»amoyl-4 f -(3-mesylamino)propyl-1 t 1'-biphenyl, 
2-(S-methyl)isothiocarbamoyl-4'-(4-mesylarnino)butyl-1 I 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-(8-me 
octyl-1,1'-biphenyl,2-(S-metlTyl)isothiocarbamoyl-4*-(benzyloxyca*^ 

ocarbamoyi-4'-(2-benzyloxycarbonylamino)ethyl-1 , 1 '-biphenyl 2-(S-methyl)isothiocarbamoyl-4*-(3-benzylQxycarbo- 
nylamino)propyl-1,1 '-biphenyl, 2-{S-methyl)isothiocaroamo^-4'-(4-benzylox^^ 2-(S- 
methyi)isothiocarbamoyl-4'-(8-benzylo 2-(S-methyl)isothiocarbamoyl-4'-(tertiary- 
butoxycarbonylamino)methyl-1 , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-(2-tertiary-butoxycarbonylamino)ethyl- 
1 , V-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-(3-tertiary-butQxycarbonylamino)prop 2-(S-methyi)isothi- 
ocarbamoyl-4'-(4-tertiary-bLrtoxycarbonylamino)butyl-1,1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4 , -(8-tertiary-butoxy- 
carbonylamino)octyl-1 , 1 '-biphenyl, 2-(S-m ethyl) isothiocarbamoy!-4'-chloromethy 1-1 , 1 '-biphenyl, 2-(S-methyl)isothio- 
carbamoyl-4'-bromomethyl-1 , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-(2-bromo) ethyl -1 , 1 '-biphenyl, 2-(S-methyl)- 
isothiocarbamoyl-4'-(3-bromo)propyl-1 , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4 , -(4-bromo)butyl-1 , 1 '-biphenyl, 2-(S- 
methyl)isothiocarbamoyl-4'-(8-bromo)octyl-1 , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-dichloromethyl-1 , 1 '-biphe- 
nyl, 2-(S-methyl)isothiocarbamoyl-4'-trichloromethyl-1 , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-dibromomethyl- 
1 ,1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4*-tribromomethyl-1 ,1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-methoxy- 
1 , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-ethoxy-1 , 1 '-biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-propQxy-1 , 1 '- 
biphenyl, 2-(S-methyl)isothiocarbamoyl-4'-butoxy-1 , 1 '-biphenyl, 2-(S-methyi)isothiocarbamoyl-4'-chloromethoxy-1 , 1 '- 
biphenyl and 2-(S-methyl)isothiocarbamoyl-4'-(2-chioro)ethoxy-1 , 1 '-biphenyl. 

The reaction of a hydrogen halide salt of isothioamide (8) with hydrazine or a salt thereof can be effected as follows. 

The reaction of a hydrogen halide salt of isothioamide (8) with hydrazine or a salt thereof makes it possible to obtain 
a hydrogen halide salt of amidrazone (6) which corresponds to amide (5) where R 5 is an NH group and R6 is an NHNH 2 
group as the production intermediate of the present invention. 

The amount of hydrazine or a salt thereof, which is to be used, is usually from 1 to 20 moles, relative to isothioamide 

(8). 

The above reaction is usually effected in the presence of an organic solvent. As the solvent to be used, there can 
be mentioned those which are inert to hydrazine or salts thereof, for example, hydrocarbons such as benzene, toluene 
and hexane; halogenated hydrocarbons such as dichloromethane, dichloroethane and chlorobenzene; nitrated hydro- 
carbons such as nitrobenzene and nitromethane; ethers such as diethyl ether and tetrahydrofuran; amides such as 
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dimethylformamide; and alcohols such as methanol and ethanol. These can be used alone or as a mixture of two or 
more kinds of solvents. The amount of solvent to be used, although it can be appropriately determined, is usually from 
1 to 100 times as much as the weight of isothioamide (8). 

There is no particular need to use any reaction additive such as another catalyst in the above reaction. When such 
5 a reaction additive is added, a base can be used, examples of which are pyridine compounds and alkylamines, such as 
pyridine. 2-methyl-5-ethylpyridine, triethylamine and tributylamine. The amount thereof is usually from 0.001 to 5 moles, 
preferably from 0.01 to 5 moles, and more preferably 0. 1 to 5 moles, relative to the hydrogen halide salt of isothioamide (8). 

The method and order for the addition of isothioamide (8), hydrazine or a salt thereof and a catalyst are not partic- 
ularly limited, and usually, hydrazine or a salt thereof may be added to a mixture of isothioamide (9) and a solvent (and 
10 a base). 

The reaction temperature is usually from -78° to +150°C, preferably from -50° to +100°C. The completion of the 
reaction can be monitored by an analytical method such as liquid chromatography. Usually the disappearance of iso- 
thioamide (8) can be considered as the end point of the reaction. 

After completion of the reaction, a hydrogen halide salt of amidrazone (6) can be isolated, for example, by an ordinary 
is procedure such as extraction or filtration. 

In general, amidrazone (6) is often unstable in free form, and therefore, when isolated, amidrazone (6) is preferably 
converted into its salt with hydrogen halide or the like. 

The amidrazone (6) or a salt thereof can also be obtained by reacting thioamide (7) with hydrazine or a salt thereof. 

This reaction can be effected similarly to the above reaction of a hydrogen halide salt of isothioamide (8) with hydra- 
20 zine or a salt thereof. 

The reaction of a hydrogen halide salt of amidrazone (6) with nitrous acid compound (3) can be effected as follows. 
The reaction of a hydrogen halide salt of amidrazone (6) with a nitrous acid compound makes it possible to produce 
tetrazole compound (1). 

This reaction can be effected similarly to the above reaction of amidrazone (6) with nitrous acid compound (3). 
25 Thus, according to the present invention, it is possible to produce tetrazole compounds in a simple and industrially 
favorable manner without using any azide or any tin compound which is not desirable from the viewpoint of safety and 
waste matters treatment. The amide (5), which is the compound of the present invention, is useful as an intermediate 
for the production of tetrazole compounds. 

The present invention will be further illustrated by the following examples, but the present invention is not limited to 
30 these examples. 

Example 1 

First 2.0 g (4.56 mmol) of 8-[4-(4-phenylbutoxy)benzoyl]amino-2-cyano-4-oxo-4H-benzopyran was suspended in a 
35 mixture of 52 g of toluene, 0.23 g (2.28 mmol) of triethylamine and 15 g of methanol, and 0.155 g of hydrogen sulfide 
gas (hydrogen suffide, 4.7 mmol) was bubbled thereinto at room temperature. After stirring at room temperature for 3 
hours, the completion of the reaction was checked by liquid chromatography, and the reaction mixture was concentrated 
to give the corresponding thioamide. Product amount, 2.15 g; yield, 99%; m.p., 203-208°C 

'40 Examples 2-5 

The reaction in Example 1 was effected in the same manner as described in Example 1 , except that 2-cyano-4-oxo- 
4H-benzopyran, 5-hydroxy-2-cyano-4-oxo-4H-benzopyran, 6-chloro-2-cyano-4-oxo-4H-benzopyran or 8-nitro-2-cyano- 
4-oxo-4H-benzopyran was used in place of 8-[4-(4-phenylbutoxy)benzoyf]amino-2-cyano-4-oxo 4H-benzopyran, and the 
45 corresponding thioamide was obtained. 
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The results are shown in Table 1 . 



Table 1 


Example 


Starting Material Name 


2 


2-Cyano-4-oxo-4H-benzopyran 


3 


5-Hydroxy-2-cyano-4-oxo-4H-benzopyran 


4 


6-Chloro-2-cyano-4-oxo-4H-benzopyran 


5 


8-Nitro-2-cyano-4~oxo-4H-benzopyran Product 


2 


2-Thiocarbamoyl-4-oxo-4H-benzopyran Yield, 88%; rap., 225-231 °C 


3 


5-Hydroxy-2-thiocarbamoyl-4-oxo-4H-benzopyran Yield, 98% 


4 


6-Chloro-2-thiocarbamoyl-4-oxo-4H-benzopyran Yield, 95%; m.p M 284-289°C 


5 


6-Nitro-2-thiocarbamoyl-4-oxo-4H-benzopyran Yield. 97%; m.p., 223-228°C 
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Example 6 

First, 2.00 g of 2-cyano-4 , -methyl-1 ,1'-biphenyl was dissolved in a mixture of 15 ml of methanol and 4.18 g of tri- 
25 ethylamine, and hydrogen sulfide gas was bubbled thereinto at room temperature to the point of saturation. After keeping 
at room temperature for 3 days, the solution was kept at 50°C for 6 hours. The reaction mixture was concentrated under 
reduced pressure, and the residue was extracted with ethyl acetate containing 1 % hydrochloric acid. The organic layer 
was concentrated to give 2.18 g of 2-thiocarbamoyl-4 , -methyl-1 p 1 , -biphenyl. Yield, 92%; m.p., 111-115°C; m/z, 227 

30 Examples 7-8 

The procedures were repeated according to Example 6, except that the following nitriles were used. The results are 
in Table 2. 



Table 2 



Example 


Starting Material Name 


7 


2-Chlorobenzonitrile 


8 


2-Cyano- 1 , 1 '-biphenyl 


Example 


Product 


7 


2-Chlorobenzthioamide 




Yield, 93% 


8 


2-Thiocarbamoyl-1 ,1 '-biphenyl 




Yield, 95% 



50 

Example 9 

First, 2.15 g (4.55 mmol) of 8-[4-(4-phenylbutoxy)benzoyl]amino-2-thiocarbamoyl-4-oxo-4H-benzopyran was sus- 
55 pended in a mixture of 50 g of toluene and 1 0 g of methanol, and 0. 1 5 g (4.56 mmol) of anhydrous hydrazine was added 
thereto at 0°C. After stirring at 0-5°C for 8 hours, the reaction mixture was filtered to give [8-[4-(4-phenylbutoxy)ben- 
zoyl]amino-4-oxo-4H-benzopyran-2-yl]amidrazone. Product amount, 1.81 g; yield, 85%; m.p., 183-186°C 
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Example 10 

First 2.00 g (4.52 mmol) of 8-[4-(4-phenyibutoxy)benzoynamino-2-cyano-4-oxo-4H-benzopyran and 0.69 g (6.77 
mmol) of triethylamine were dissolved in 60 ml of dichloromethane, and 0.33 g (4.74 mmol) of hydrazine hydrochloride 
s was added thereto, followed by keeping at 40°C for 96 hours. 

The reaction mixture was filtered to give 1.72 g of [8-[4-(4-phenylbutoxy)benzoyl]amino-4-oxo-4H-benzopyran-2- 
yljamidrazone. Yield, 81 % 

Example 11 

10 

The reaction in Example 9 was effected in the same manner as described in Example 9, except that 6-chloro-2- 
thiocarbamoyl-4-oxo-4H-benzopyran was used in place of 8-[4-(4-phenylbutoxy)benzoyl]amino-2-thiocarbamoyl-4-oxo- 
4H-benzopyran, and 2-(6-chloro-4-oxo-4H-benzopyran-2-yl)amidrazone was obtained in 85% yield. 

is Example 12 

The procedure in Example 9 was repeated in the same manner as described in Example 9, except that 2-chloroben- 
zthioamide was used in place of 8-[4-(4-phenylbutoxy)benzoyl]amino-2-thiocarbamoyl-4-Qxo-4H-benzopyran and hex- 
ane was added after the reaction at 60°C for 48 hours, and 2-chioro-benzamidrazone was obtained in 78% yield. 

20 

Example 13 

First, 1.50 g of 2-thiocarbamoyl-4'-methyl-1,1'-biphenyl was dissolved in 20 ml of acetone, and 1.10 g of methyl 
iodide was added thereto. At 0°C to room temperature, stirring was continued overnight. To the reaction mixture was 
25 added 45 ml of toluene, followed by filtration, and 1 .57 g of (4'-methyt-1 , 1 '-biphen^-yO-S-methylisothioamide hydroiodide 
was obtained. Yield, 87%; m.p. f 1 65-1 69°C (decomp.) 

Example 14 

30 First, 1.00 g of 2-chlorobenzthioamide was dissolved in 10 ml of acetone, and 1 .17 g of methyl iodide was added 
thereto. At 0°C to room temperature, stirring was continued overnight. To the reaction mixture was added 40 ml of ether, 
followed byfiltration, and 1 .40 g of 2-chlorobenz-S-methylisothioamide hydroiodide was obtained. Yield, 85%; m.p., 1 27- 
130°C 

35 Example 15 

First, 1.30 g of (4'-methyl-1 ,V-biphen-2-yl)-S-methylisothioamide hydroiodide was dissolved in 4 ml of methanol, 
and a solution of 0. 1 2 g of anhydrous hydrazine dissolved in 1 ml of methanol was added for 30 minutes. At 0°C to room 
temperature, stirring was continued overnight, and about 50 ml of ether was added. The reaction mixture was filtered 
40 at 0°C to give 1 .25 g of (4*-methyl-1 , 1 , -biphen-2-yi)amidrazone hydroiodide. Yield, 96%; m.p. , 1 40-1 44°C (decomp.) 

Example 16 

The procedure in Example 15 was repeated in the same manner as described in Example 15, except that 2-chlo- 
45 robenz-S-methylisothioamide hydroiodide was used in place of (4'-methyl-1,r-biphen-2-yl)-S-methylisothioamide 
hydroiodide, and (2-chlorobenz)amidrazone was obtained. Yield, 93% 

Example 17 

so First, 2.08 g (4.1 1 mmol) of [8-[4-(4-phenylbutoxy)benzoyl]amino-4-oxo-4H-benzopyran-2-yl]amidrazone was dis- 
solved in 180 g of acetic acid, and 60 g of water and 0.42 g (6.17 mmol) of sodium nitrite were added threreto, followed 
by stirring at 0-2°C for 2 hours. After the completion of the reaction was checked, the reaction mixture was filtered to 
give 8-[4-(4-phenylbutoxy)benzoyI]amino-2-(tetrazol-5-yl)-4-oxo-4H-benzopyran. Product amount, 1.97 g; yield, 96% 

55 Examples 18-20 

The reaction in Example 1 7 was effected in the same manner as described in Example 1 7, except that tine starting 
materials shown in Table 3 were used in place of [8-[4-(4-phenylbutoxy)benzoyl]amino-4-oxo-4H-benzopyran-2-yi]amid- 
razone, and the corresponding tetrazole compounds were obtained. 
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Table 3 





Example 


Starting Material Name 


5 


18 


2-(6-Chioro-4-oxo-4H-benzopyran-2-yl)amidrazone 




19 


2-Chlorobenzamidrazone 




20 


(4'-MethyI-1 t r-biphenyl-2-yl)amidrazone hydroiodide 


10 


Example 


Product 




18 


6-Chloro-2-(tetrazol-5-yi)-4-oxo-4H-benzopyran 
Yield, 93% 




19 


5-(2-Chlorophenyl)tetrazol 


15 




Yield, 80% 




20 


2-(Tetrazol-5-yl)-4'-methyl-1 , 1 '-biphenyl 
Yield, 86% 



20 



Example 21 

25 First, 71 .2 mmol of 2-chlorobenzonitrile was dissolved in 50 ml of methanol, and 356 mmol of hydrazine and 35.6 
mmol of 28% methylate were added thereto, followed by keeping at the reflux temperature for 5 hours. The reaction 
mixture was concentrated under reduced pressure. The residue was dissolved in 50 ml of 50% hydrochloric acid, and 
74.8 mmol of sodium nitrite was added thereto at 0°C to cause reaction. The reaction mixture was extracted with ethyl 
acetate to give 5-(2-chlorophenyl)tetrazole. Yield, 70%. 

30 

Example 22 

First, 26.9 mmol of 2-cyano-4'-methyl-1 ,r-biphenyl was dissolved in 150 ml of ethanol, and 270 mmol of hydrazine 
and 77.7 mmol of 28% methylate were added thereto, followed by keeping at 50°C for 48 hours. The reaction mixture 
35 was concentrated under reduced pressure. The residue was dissolved in 100 ml of ethanol, and 55 mmol of sodium 
nitrite and 110 mmol of concentrated hydrochloric acid were added to the solution at 0°C. After keeping at 0-5°C for 2 
hours, the reaction mixture was concentrated to give 2-(tetrazol-5-yl)-4'-methyl-1 t 1'-biphenyL Yield, 46% 

Example 23 

40 

First, 35.6 mmol of 2-chlorobenzonitrile was dissolved in 50 ml of methanol, and 35.6 mmol of triethylamine and 
105 mmol of hydrogen sulfide were added thereto at room temperature, followed by adding 180 mmol of anhydrous 
hydrazine and keeping at the reflux temperature for 48 hours. The reaction mixture was evaporated under reduced 
pressure. The residue was dissolved in 50 ml of 5% hydrochloric acid, and 75 mmol of sodium nitrite was added thereto 
45 at 0°C to cause reaction. After completion of the reaction, the reaction mixture was extracted with ethyl acetate to give 
5-(2-chlorophenyi)tetrazole. Yield, 54% 

Examples 24-27 

so The use of 2-bromobenzonitrile, 3-bromobenzonitrile, 2-nitrobenzonitrile or 3-nitrobenzonitrile in place of 2-chlo- 
robenzonitriie in Example 21 or 23 makes it possible to obtain the corresponding tetrazole compound: 5-(2-bromophe- 
nyl)tetrazole, 5-(3-bromophenyl)tetrazole. 5-(2-nitrophenyl)tetrazole or 5-(3-nitrophenyl)tetrazoie. 

Example 28 

55 

First, 26.9 mmol of 2-cyano-4'-methyl-1,r-biphenyl was dissolved in 150 ml of ethanol, and 53.9 mmol of triethyl- 
amine and 105 mmol of hydrogen sulfide were added to the solution at room temperature, followed by adding 134.5 
mmol of anhydrous hydrazine and keeping at the reflux temperature for 48 hours. The reaction mixture was warmed. 
The reaction mixture was concentrated under reduced pressure. The residue was dissolved in 1 00 ml of ethanol added 
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thereto, and 108 mmol of sodium nitrite and 100 ml of concentrated hydrochloric acid was added at 0°C. After keeping 
at 0-5°C for 2 hours, the reaction mixture was extracted with ethyl acetate to give 2-(tetrazol-5-yl)-4'-methyl- 1 . 1 '-biphenyL 
Yield, 52% 

5 Fyamples 29-31 

The use of 2-cyano- 1 , 1 '-biphenyl, 2-cyano-4 , -chloromethyl-1 ,1 '-biphenyl or 2-cyano-4'-methoxymethyl-1 , 1 '-biphenyl 
in place of 2-cyano-4'-methyl-1 ,1'-biphenyl in Example 28 makes it possible to obtain the corresponding compound: 2- 
(tetrazol-5-yl)-1 t r-biphenyl, 2-(tetrazol-5-yl)-4'-chloromethyl-1 ,1 -biphenyl or 2-(tetrazol-5-yl)-4 , -methoxymethyl-1 ( r- 
10 biphenyl. 

Example 32 

(1) Into a mixture of 4.13 g (30 mmol) of 2-chlorobenzonitrile, 30 g of ethanol. 1 .1 0 g (15 mmol) of diethylamine and 
1.92 g (60 mmol) of anhydrous hydrazine was bubled 0.67 g (19.7 mmol) of hydrogen sulfide gas at room temper- 
ature, followed by stirring at 60°C for 24 hours. The resulting reaction mixture was concentrated and dried to give 
3.22 g of 2-chlorobenzamidrazone (63% yield). 

(2) First, 569 mg (3.35 mmol) of 2-chlorobenzamidrazone produced according to (1) was dissolved in 15 g of N,N- 
dimethylformamide and 10.5 g (14.4 mmol) of 5% hydrochloric acid, followed by cooling to 5°C. Then, 2.96 g (4.29 
mmol) of aqueous sodium nitrite was added dropwise thereto, followed by stirring at 0-5°C for 4 hours. The resulting 
reaction mixture was analyzed by liquid chromatography with an internal standard, and it was found that 583 mg 
(3.23 mmol, 96% yield) of 5-(2-chlorophenyl)tetrazole was contained. 

The reaction mixture was concentrated to remove the solvent, and 40 g of 4% aqueous sodium hydroxide and 30 
25 ml of toluene were added to perform an extraction and phase separation. The resulting aqueous layer was further washed 
twice with 30 ml of toluene and adjusted to pH 1 or lower by the addition of 36% hydrochloric acid The deposited solid 
was filtered and dried to give 508 mg (99.2% purity) of 5-(2-chlorophenyl)tetrazole. 

Example 33 

30 

Into a mixture of 4.13 g (30 mmol) of 2-chlorobenzpnitrile, 30 g of ethanol, 1.10 g (15 mmol) of diethylamine and 
1 .92 g (60 mmol) of anhydrous hydrazine was bubbled 0.62 g (18.2 mmol) of hydrogen sulfide gas at room temperature, 
followed by stirring at 60°C for 9.5 hours. The resulting reaction mixture was concentrated, dried and dissolved in 120 
g of N,N-dimethylformamide and 54.7 g (150 mmol) of 10% hydrochloric acid added thereto, followed by cooling to 5°C. 
35 Then 20.7 g (60 mmol) of 20% sodium nitrite was added dropwise thereto, followed by stirring at 0-5°C for 3 hours. The 
resulting reaction mixture was filtered to remove undissolved matters. The filtrate was analyzed by liquid chromatography 
with an interna! standard, and it was found that 3.76 g (20.8 mmol, 69% yield) of 5-(2-chlorophenyl)tetrazole was con- 
tained. 

The filtrate was concentrated to remove the solvent, followed by the same work up as described in Example 32, (2) 
40 to give 3.36 g (96.4% purity) of 5-(2-chlorophenyl)tetrazole. 

Example 34 

Into a mixture of 5.0 g (27.5 mmol) of 2-bromobenzonitriie, 30 g of ethanol, 1.10 g (15 mmol) of diethylamine and 
45 1 .76 g (55 mmol) of anhydrous hydrazine was bubbled 0.58 g (17 mmol) of hydrogen sulfide gas at room temperature, 
followed by stirring at 60°C for 22 hours. The resulting reaction mixture was concentrated, dried and dissolved in 1 10 g 
of N.N-dimethylformamide and 50.3 g (138 mmol) of 10% hydrochloric acid added thereto, followed by cooling to 5°C. 
Then, 1 9.0 g (55 mmol) of 20% sodium nitrite was added dropwise thereto, followed by stirring at 0-5°C for 2 hours. The 
resulting reaction mixture was filtered to remove undissolved matters. Thef iitrate was anialyzed by liquid chromatography 
so with an internal standard, and it was found that 4.88 g (21 .7 mmol, 79% yield) of 5-(2-bromophenyl)tetrazole was con- 
tained. 

The filtrate was concentrated to remove the solvent, followed by the same work up as described in Example 32, (2) 
to give 4.75 g (93.1% purity) of 5-(2-bromophenyl)tetrazole. 

55 
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Claims 

1 . A process for producing a tetrazole compound of general formula (1): 




(1) 



wherein R 1 is as defined below, characterized in that a nitrile of general formula (2): 



R1CN 



(2) 



wherein ff> is a 4-oxo-4H-benzopyranyl group optionally substituted with R2 or a phenyl group optionally substituted 
with X, in which R2 is a hydroxy group, a halogen atom, an R3CONH group, a nitro group, a CrC 5 alkyl or C^C 5 
alkoxy group; R3 is a d-C 2 o alkyl group, a phenyl group, a phenyl-substituted (C1-C20) alkyl group, a phenyl-sub- 
stituted (Ci -C20) alkoxyphenyl group or a (C-1-C20) alkoxyphenyl group; X is a halogen atom, a phenyl group optionally 
substituted with Y, a C r C20 alkyl group, a phenyl-substituted (C r C2o) alkyl group, a phenyl-substituted (C r C2o) 
alkoxy group or a C1-C2D alkoxy group; and Y is a C1-C20 alkyl group, a CrCao alkyl group substituted with one or 
more hydroxy groups with at least one hydrogen atom in the hydroxy group being optionally replaced for protection, 
a C1-C20 alkyl group substituted with one or more amino groups with at least one hydrogen atom in the amino group 
being optionally replaced for protection, a C1-C20 alkyl group with at least one hydrogen atom being replaced by a 
halogen atom, a C-1-C20 alkoxy group, a CM-C20 alkoxy group substituted with one or more hydroxy groups with at 
least one hydrogen atom in the hydroxy group being optionally replaced for protection, a C r C20 alkoxy group sub- 
stituted with one or more amino groups with at least one hydrogen atom in the amino group being optionally replaced 
for protection, or a CrC^ alkoxy group with at least one hydrogen atom being replaced by a halogen atom, is 
reacted with hydrazine or a salt thereof in the presence of a catalyst, followed by reaction with a nitrous acid com- 
pound of general formula (3): 



wherein A is a hydrogen atom, an alkali metal, an alkaline earth metal or a C1-C20 alkyl group. 

2. A production process according to claim 1 , wherein R1 is a 4-oxo-4H-benzopyranyl group optionally substituted with 

R2 

3. A production process according to claim 1 , wherein R1 is a phenyl group substituted with X, and X is a phenyl group 
optionally substituted with Y. 

4. A production process according to claim 3 f wherein X is a phenyl group or a (C r C 2 o)aIkyiphenyl group. 

5. A production process according to claim 1 , wherein the catalyst is at least one selected from alkoxides, alkali metals, 
alkali metal amides, alkali metal hydrides, alkaline earth metal hydrides, sulfides or salts thereof, thiocyanoates, 
pyridine compounds, alkylamines, aromatic amines, diamines and organic quaternary ammonium salts. 

6. A production process according to claim 5, wherein the catalyst is a sulfide or a salt thereof, an alkylamine, a mixture 
. of a sulfide or a salt thereof and an alkylamine, or an alkoxide. 

7. A production process according to claim 6, wherein the catalyst is hydrogen sulfide or a salt thereof, or a mixture 
of hydrogen sulfide or a salt thereof and an alkylamine. 

8. A production process according to claim 1 , wherein R 1 is a phenyl group or a phenyl group substituted with X, and 
X is a halogen atom. 

9. A production process according to claim 2, wherein the catalyst is used at an amount of from 0.001 mole inclusive 
to 1 mole exclusive, relative to nitrile (2). 



AN0 2 



(3) 
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1 0. A production process according to claim 8, wherein the catalyst is used at an amount of from 0.001 mole inclusive 
to 1 mole exclusive, relative to nitrile (2). 

11. A process for producing a tetrazole compound of general formula (1): 

5 



10 




wherein R 1 is as defined below, characterized in that a nitrile of general formula (2): 

15 

R 1 CN (2) 

wherein R 1 is a 4-oxo-4H-benzopyranyl group optionally substituted with R2 or a phenyl group optionally substituted 
with X, in which R* is a hydroxy group, a halogen atom, an R3CONH group, a nitro group, a C<,-Cs alkyl or C r C 5 

20 alkoxy group; R 3 is a C1-C20 alkyl group, a phenyl group, a phenyl-substituted (C1-C20) alky* group, a phenyf-sub- 
stituted (C1-C20) alkoxyphenyl group, or a (C r C2o) alkoxyphenyl group; X is a halogen atom, a phenyl group option- 
ally substituted with Y, a C1-C20 alkyl group, a phenyl-substituted (CrC2o) alkyl group, a phenyl-substituted (C1-C20) 
alkoxy group or a C^C^ alkoxy group; and Y is a C1-C20 alkyl group, a CrC20 alkyl group substituted with one or 
more hydroxy groups with at least one hydrogen atom in the hydroxy group being optionally replaced for protection, 

25 a C1-C20 alkyl group substituted with one or more amino groups with at least one hydrogen atom in the amino group 
being optionally replaced for protection, a C-1-C20 alkyl group with at least one hydrogen atom being replaced by a 
halogen atom, a CrCzo alkoxy group, a C r C20 alkoxy group substituted with one or more hydroxy groups with at 
least one hydrogen atom in the hydroxy group being optionally replaced for protection, a C1-C20 alkoxy group sub- 
stituted with one or more amino groups with at least one hydrogen atom in the amino group being optionally replaced 

30 for protection, or a C r C20 alkoxy group with at least one hydrogen atom being replaced by a halogen atom, is 
reacted with hydrogen sulfide, followed by reaction with an alkyl halide of general formula (4): 

R 4 J (4) 

35 wherein R 4 is a C1-C20 alkyl group and J is a halogen atom, with hydrazine or a salt thereof, and then with a nitrous 
acid compound of general formula (3): 

AN0 2 * (3) 

Uo wherein A is a hydrogen atom, an alkali metal, an alkaline earth metal or a C-1-C20 alkyl group. 

12. A production process according to claim 11, wherein R 1 is a 4-oxo-4H-benzopyranyl group optionally substituted 
with R2. 

45 1 3. A production process according to claim 1 1 , wherein R1 is a phenyl group or a phenyl group substituted with X, and 
X is a phenyl group optionally substituted with Y or a halogen atom. 

14. A production process according to claim 13, wherein X is a phenyl group, a (C-1-C20) alkylphenyl group or a halogen 
atom. 

50 

15. A production process according to claim 11, wherein the reaction of nitrile (2) with hydrogen sulfide is effected in 
the co-presence of an alkylamine. 

16. A production process according to claim 1 1 , wherein alkyl halide (4) is methyl iodide or methyl iodide. 

55 

17. A production process according to claim 1 1 , wherein nitrous acid compound (3) is an alkali metal nitrite, and the 
alkali metal nitrite is reacted in the co-presence of an organic or inorganic acid. 

18. An amide of general formula (5): 
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RiC(=R5)R6 (5) 

wherein Ri is a 4-oxo-4H-benzopyranyl group optionally substituted with R2 or a phenyl group optionally substituted 
with X, in which R2 is a hydroxy group, a halogen atom, an R3CONH group, a nitro group, a C r C 5 alkyl or C r C 5 
aikoxy group; R3 is a C1-C20 alkyl group, a phenyl group, a phenyl-substituted (C r C2o) alkyl group, a phenyl-sub- 
stituted (C r C 20 ) alkoxyphenyl group or a (C r C2o) alkoxyphenyl group; X is a halogen atom, a phenyl group optionally 
substituted with Y, a CrC* alkyl group, a phenyl-substituted (C1-C20) alkyl group, a phenyl-substituted (C1-C20) 
aikoxy group or a C1-C2D aikoxy group; Y is a C1-C20 alkyl group, a C r C20 alkyl group substituted with one or more 
hydroxy groups with at least one hydrogen atom in the hydroxy group being optionally replaced for protection, a C r 
C20 alkyl group substituted with one or more amino groups with at least one hydrogen atom in the amino group 
being optionally replaced for protection, a CrCao alkyl group with at least one hydrogen atom being replaced by a 
halogen atom, a CrCao aikoxy group, a C r C2o aikoxy group substituted with one or more hydroxy groups with at 
least one hydrogen atom in the hydroxy group being opitonally replaced for protection, a C1-C20 aikoxy group sub- 
stituted with one or more amino groups with at least one hydrogen atom in the amino group being optionally replaced 
for protection, or a C^C^ aikoxy group with at least one hydrogen atom being replaced by a halogen atom; R5 is 
a sulfur atom or an NH group; and R6 is an NH 2 group, an SR 4 group or an NHNH 2 group, in which when R5 is a 
sulfur atom, then R6 is an NH 2 group, and when R5 is an NH group, then R6 is an SR 4 group or an NHNH 2 group. 

19. An amide according to claim 18, wherein R5 is a sulfur atom and R6 is an NH 2 group. 

20. An amide according to claim 18, wherein R 5 is an NH group and R 6 is an SR4 group. 

21. An amide according to claim 18, wherein R5 is an NH group and R6 is an NHNH 2 group. 

22. An amide according to claim 1 9, wherein R 1 is a phenyl group substituted with X, and X is a phenyl group optionally 
substituted with Y. 

23. An amide according to claim 20, wherein R 1 is a phenyl group substituted with X, and X is a phenyl group optionally 
substituted with Y. 

24. An amide according to claim 21 , wherein R1 is a phenyl group substituted with X, and X is a phenyl group optionally 
substituted with Y. 

25. An amide according to claim 22. wherein X is a phenyl group or a (C1-C20) alkylphenyl group. 

26. An amide according to claim 23, wherein X is a phenyl group or a (C-i-C^) alkylphenyl group. 

27. An amide according to claim 24. wherein X is a phenyl group or a (CrC^) alkylphenyl group. 

28. An amide according to claim 19, wherein R1 is a phenyl group substituted with X, and X is a halogen atom. 

29. An amide according to claim 20, wherein R*» is a phenyl group substituted with X, and X is a halogen atom. 

30. An amide according to claim 21 . wherein R1 is a phenyl group substituted with X, and X is a halogen atom. 
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